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SECTION 1 

INTRODUC TION 

The Generalized Attitude Determination System (GADS) is 

designed for use in attitude clctermination problems where there is  a distinct 

need for differential correclion; that is, where there i s  a need to lrrefinell a 

set  of parameters. This program solves the problem of determining the 

orientation of a spacecraft, given observed data which may be obtained from 

the ground and/or the on-board instruments. Note, however, that the GADS 

system is a general-purpose, least-squares, differential correction program, 

and proceeds according to Donald Maryard t t s  technique, Reference 2, which 

is discussed in Section 5. As illustrated in Figure 4, only the low-level worker 

modules qualify it as an attitude program. 

This program is written primarily in FORTRAN V with few 

special-purpose modules written in SLEUTH II. The resident executive is 

the UNIVAC EXEC VIII. The hardware requirements a re  a UNIVAC 1108 with 

FASTRAND. Core requirements a r e  approximately 25,000 and 31,000 compu- 

ter ins true tions and data cells, respectively (decimal). 

GADS is  designed to function as  a subroutine mcl is controlled 

with simple English-like statements. The input to the program nzust include 

observecl data proviclcd by tllc user through a COMMON area. Thus, GADS 

assumes no responsibility for 1/0 action concerning thc observations. The 

layout rules for data a rc  consiclcred below. 

In ;iclclition to obscrvation:~l clatn, most problcms rccluire aclditionnl 

inclcpcndcnt inputs such a s  cnvironmcntal data. Ilencc, provision h:ts been macle 

for reading ant1 interpol:~ting orbit cl:~la Iroin I~AS'J'lZnPfll, Enviriznmetua"r vari:i- 

Ijlcs inay Ijc co~nputcd internally so that 1/0 action is rumecessnry. GADS c~m,  

for ex:unplc, gencrntc its own solar line-of-sight vcctol" (moctule GRDSSE). 



GADS is also dcsigned for aclaljtnbility; 1h:~l is, for case in 

hnndiing new and ~mexpcctcd problems. Wllilc most recluirements will bc lnct 

by the available capabilities; provision has been mtldc for ndcling new inoclulcs 

,and for expanding the scopc of thc nfore~ncntionecl English-lilte controls. Some 

recjuiren~ents for future programming have been anticipated and a re  discussed 

where pertinent. Refer especially to Section 6. Instructions for future pro- 

gramming and for expanding the scope of these controls a r e  also given in 

Section 3. It will be seen that adding a new option can sometimes be done by 

analogy with the existing options. When future capabilities a r e  described, they 

a re  identified by the comment "not readyM or  "n. r." 



SECTION 2 

USAGE 

2.1 INPUTS 

2.1.1 OBSERVATIONAL INPUTS 

Upon entry the GADS system expects to find the observations in 

the array cOMMON/COMM~/COMM(~OOO), as illustrated in Figure 5. Data 

points from any one sensor a r e  placed in an array, preferably without sliipping 

computer cells. (When a cell is to be ignored, it must contain a -0.0 and 

should be counted as an observation. ) 

The relative location (with respect to the first  word of COMM) of 

the f i rs t  word of each raw data array is providecl by the user in the array 

LOCATE. Similarly, the number of data points in each string of observed data 

is provided in the array LENGTH, Tllus, the GADS system can access these 

raw data by means of the 1111nibe~s contained in LENGTH and LOCATE iv11ich 

are  normally deternzined in the I-LUI deck discussed later. The user niay, if 

he wishes, load LENGTH ancl LOCATE cluring preprocessing, Dynaniic core 

allocation can, in this way, be achieved within the array COMM. 

The user also provides thc sanlple tinles as shown in Figure 5. 

The relative acldress of a sallple tinlc is  obtainecl by adcling the constant JTIME 

to the relalivc adclrcss of the corresponcling clata. Thus the layorrt of the array 

of salnplc tinies is ide~ltic;~l wit11 that of the observationnl clata. The variable 

JTIME i s  computed in CADS fro111 additional data f~~rnishccl by the user, nanicly 

LOCA aiitl LOCT. Refer to pa rzg rqd~  2. 6. 

In n ~ o s  t attitudc dctcrnlinntion problenxs , cnvil*onmental tl:~la is  

oljtninc;tl via m:tgnctic tape. F'ou hcst results, thc contcnts of thc tape shoultl 



I x  pl:~ccd in :I I~ASTlUNI) filc. The GADS system will tlrlen rend the filc a s  

recl~rired. This clatn i s  placed in array CO~~~MON/OI~BI~F/ORBI'~ (I, J) by 

rnoclulc GAIISAO. Interpolatioii can tlien be pcrfor~llecl by ~-r?oclule G,!L!lSSO= 

The clirncnsions I ,and J a r c  clctcrmiizcd by thc user's tape I-Ience, 

the uscr shoulcl insure that the ORBIT arrays  in thcse n~oclules a r e  coinpatiblc. 

2.1.3 IMPLICIT INPUTS 

Several variables should be provided implicitly, i. e. , through 

COMMON storage. These variables control printouts, simulation, tape record 

layouts, and others. This c1iscussion is reservecl for the summary of input 

recl~tirements, paragraph 2.6. 

2.1.4 CARD INPUTS 

Module GADSIN will always read carcls on the f i r s t  entry. These 

cards constitute the "run declc" which is fully explained in Section 3. It should 

be emphasizecl, however, that practically the entire run declc can be entered 

by means of data statements. In such a case, GADSIN would merely read two 

cards, namely: 

START GADS CARDS 

STOP GADS CARDS. 

The term Itrun cleclcu refers  to the cards tl~emselves o r  their ilnages 

in core, as  the case may be. 

2.2 GADS RUN DECK 

A full clescription of the clecl; i s  given in Section 3. At this 

point the f~~nclamcntals a r e  h~troducecl. 

2.2.1 PURPOSE 

The pul-pose of the GADS u ~ m  dc~cl; i s  to: 

o SpeciTy the 111eUlocl of solution 

a, Provide coiiv~nicncc i~ncl flexibility with ycspcct to ch:tnging 
rcquircmciiis, 1,rogyitnl c i ~ ~ ~ l i ~ ~ t t ,  : ~ i ~ i  111ctli0d of al)proi\ch 



With some loss of convcniencc, most of the coi~tcnts of thc rLu1 

dcck may be inc~~poratccl  into tlic program. 

Sensor characteristics and co~lfigu~ation pcrtain to physical 

properties, such as: typc of output f~~nctioa,  typc of sensitivity, and the 

n~ounting position of the scllsor with respect to thc maill bocly frame of reference. 

These coilcepts a re  anplified later to nlalce the sensor-related illput data as 

self-esplanatory as possible. 

The phrase r rn~et l~od of approach" means: a) type of parameters 

employed (Euler angles, Euler parameters, roll-pitch, ancl yaw, etc. ), 

b) type of motion (simple force-free spin, force-free balanced precessional 

motion, forced motion, etc), c) the scheme for "cascadingrr the parameters 

and the sensors (refer to Glossary), d) whether engineering units or telemetry 

counts a re  to be elnployed for a given sensor at a given stage of the computation, 

e) whether sensor calibration constants or mounting constants are  to be 

corrected, f )  whether displays are  desired, and g) several other options. 

2.2.2 THE RUN DECK AS A PROGRAM 

It will be seen that the run deck is itself a program, albeit with 

rudilneiltary syntax a ~ c l  few operations. Its language is designed to provide 

a clear and s in~ple way to apply the metl~ocls of differential correction with a 

minilnum of clr~~clgery. Hence, it contains those operations aud directives 

ilecclecl to apply a general purpose differential correction loop to vector functions 

in several variables. Iil addition, several directives are availnble for ancillary 

purposes such as the generation of SC-4020 displays and statistical ~nleasures 

of confitlcncc. 

2.3 TIIE GAI3S LANGUAGE 

'I'hc GADS run dccl; consists of "statcmcntsu in tlic CADS 

1ungu:tge. 'l'hcsc slatclnc~lls cctntain o~)cI':L~o~-s, o~~cr:~nt1s, dil-cctivcs :i11(1 rcl:~tc~tl 

tlnf :re Thc tlircc tivcs : r e  18 hollcri th char:~ctcrs wit11 strong nlnc~nonic value 

and :we always p~~nchccl in columns 1 through 18. A card coi~tt~ining a tlil-cctivc 



is n GADS control c:lrcl mcl c:-trries no nddition:~l punchecl ciata of signiIictulcc 

to tile program. A GADS con t~v l  er~rci is usually followccl by scvci-nl clata 

cards containing the elenicnts of a problem. Elelllcnts may bc ItGADS literals" 

(ordinary floating and fiuecl point numbers) o r  syn~bols. All sylnl~ols are G 

hollcritll characters. 

Some directives a r e  clcclarative, others executable. Thc order 

of cleclarative directives affects the mathematical definition of the problem 

while the order of the executable directives is related to thc order of execution. 

2.4 EXAMPLE 

To illustrate the use of GADS, consider the attitude deterlliination 

of ISIS-A. A flow diagram is given in Figure 6. As implied in that figure, 

once the GADS run decli is ready and the user  has coniplied with the.raw data 

input re~ lu i~e inen t s ,  the following statements result  in the required attitude 

calculations. 

CALL GADSIN ($) 

CALL GADS ($,$,N,A) 

These statements also illustrate the fact that GADSIN must be 

called each time that the GADS is overlayed, a s  in the ISIS-A system. When 

there is no overlay, GADSIN need only be called once. The run decli is read 

only on the f i r s t  call. On subsequent calls, GADSIN rescans the card images 

which a r e  kept in the "roottt a r ray RUNDEIL 

2.5 OUTPUT 

In most cases, the user  wants to generate :ul output tape containing 

specific attit-udc data, IIis outl,ut array, A, appears in the calling s c q ~ ~ c n c c  

above as docs thc total n ~ ~ m b c r  of item sets ,  N. The GADS systelx will compute 

attitx~clc at  the N spccificcl linlcs :ulcl call moclulc GAljSAI whci-c tllc user n ~ n y  

s tore  tllose ttttitutle par:tmeters of  interest to him. 1701- :ti1 illustl.ation of how 

this is accomplishctl, see  moclulc GADSAI/ISISA. 



The $5 returns arc  usecl i11 case of errors nncl in such e:iscs the 

outl3ut attih~dc will not have been geiierxlcd. 741011 successful r c b ~ r n  from GADS, 

the array A will contain tllc dcsired attitudc data, Gcncrating the output tape 

is left to t11e uscr. 

How the N argun~cnt times arc dctcrlnined is discussecl in the 

moclulcs GADS/ISISA, GADSAT, and GADSAI/ISISA and is not crucial to the use 

of GADS. This and other programming details a re  best understood 13y these 

exanlples which can be found in the program documentation, 

2.6 SUMMARY OF BASIC REQUIREMENTS 

The basic inputs and rules for the user who plans an executive 

data red~~ct ion program which will use GADS are as  follows. 

a. Provide conlnlunication with GADS by means of the following 

COMMON variables : 

1. ) LOCA = relative acldress, first raw data 

2. ) LOCT = relative address, first sample time 

3. ) COMM = storage for the above raw data 

4. ) TFMED = double precision millisecond of year time origin 
or  reference time for all sanlple times 

5. ) INRSET = reset flag= 1, initially set  by a DATA statenzent 
in moclule GADSRD. 

6. ) LOCEND = mcz,'i:imuni space in COMM, i. e., its di~llensioil 

The followiilg a re  optional: 

1. ) TORIGN = six floating point words containing time origin 
clata (scc paragraph 4.3, GADSLS) 

2. ) M'hcn using orbit tnpcs, provide :my variable usecl in morlulcs 
of tlic type GADSSO ,ancl GADSAO which : I ~ C  concerning with 
the 1:iyotctL of t:ipc rccorcls (see cxanplc GAI)SSO/EPED) 

3 .  ) \\%en simul:ithg, proviclc my variable i~sccl iil GADSSS tvllieh 
is coilccri~ccl will1 gencuatii~g artificial dntx I_ty means of 
sii~~ulatioil 

4. ) 'U%cn using nloclulc SIIflDO\nl, provitlc tlic ilcccssary i l~p~tts  



b. Proviclc for :III output a r rny ,  if :my, by mc:u~s ol' the calling 

seclucizcc to GADS :~nd GflDSAT. Also nclcl any spccinlly ciesirccl output 

attitudc i tcms in izzoclulc GADSAI. 

C .  Proviclc tllc GADS run declc which will be maintained in lzollcrith 

form in COMMON/RUNDEI</RUNDEI( (14,150) cluring proccssing. Note that 

the run  decli may be loacled into tllis a r ray  by means  of data statenzcizts thereby 

obviating the need for  physically rcacling a bully s e t  of cards. (See inoclule 

GADSRD/ISISA. ) It is important that a r r a y  RUNDEIC not bc  destroyed during 

overlays when it is loaded f rom cards. 

d. Provide the MAP program containing the followiizg statelnents in 

the  main segment: 

IN GADS. GADSDA 

IN GADS. GADSDV 

IN GADS. GADSRD 

These will provide the loading of the necessary  constants; GADS 

being the name  of the  GADS file. 

e. Provide the a r r a y  ORBIT whenever an orbi t  tape is used. Load 

the contents of the tape onto FASTRAND ancl determine that modules GADSAO 

and GADSSO have compatible COMMON/ORBIT/ statements.  The file name 

should appear in ORBFN. 

2.7 SIMULATION 

The practiced u s e r  may also wish to take advantage of the 

simulation capability for  efficient checliout aizd othcr stxclics. In this case,  11c 

is rcsponsiblc for thc inputs to moclulc GADSSS. Note that this moclulc gcncr- 

a tcs  synthetic orbital data (scnsor operand tlata) luzd 1/0 ivill result .  This 

moclulc also m:il;cs rcfcrcizce to tllc outl~uts from n~oclulc GADSIN, i. e. , 
i-t~otlulc GAIISSS must  not bc c:rllcd l,cl'orc C;AS>SlN. F o r  tul cx:unl)lc of tllc ~ t s c  

of GAIISSS, sctc 111oc1ulc GAUS/J<I-'III). 



2.8 DESCR1l"TION O F  PRINTOUT 

2.8.1 DESCR1I)TION O F  PRINTOUT FROM DIFFERENTLhL COltREC'1'ION 

2.8.1.1 Core Usage Initialization Report 

The initialization inoclulc GADSIN prints thc summary of the 

space uscd by cach complex of sensors. All aclclrcsscs pertain to ar ray COMM 

and are FORTRAN adclrcsses. They a r e  shown in both octal ancl clecimnl form 

and are useful in inspecting post-mortem clui~~ps ancl prograin coding, respectively. 

Only the most important addresses a r e  given. A graphic explanation of the lay- 

out of array COMM is given in Figure 10. 
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The n~cnlring of each atldress is as  follows: 

DATA Observational input data, 

TIME The corresponcling sanlple times. 

END The s ize  o r  din~ension of COMM. 

TOP The highest address used in the given con~plex. 

A MATR The matrix of coefficients (double precision) 
obtained during the f irst  iteration. 

Y MATR The gradient vector (clouble precision) obtained 
during the f i r s t  iteration. 

TELEM. Not used. 

FREE The excess space in COMM. 

F Not used. 

RE SID. Not used. 

DF/DU Not used. 

HF Constraint functions. 

DHF/DU Constraint derivatives. 

Y1 Worliing space for the gradient vector 
(doulde precision). 

WORK Not used. 

AX=Y Worlting space for the matrix of coefficients 
(double precision). 

FLAG Outlier detection flags. 

FILL Not used. 

D.E. F Differential ecluations: Fi rs t  integrals. 

D. E. G Differential ccluations : Derivatives. 

D. E. P Differcntinl ccyuations: Interpolatccl f irst  integrals. 

. Z Diffcrcntinl ccluations: Difference tables. 

AUX G Auxiliary fiu~ctions. 

I), 1s. E 13iSferenlial cqu:itions: Accuracy p:wnmelc~. 



D I .  1 

DEI, U 

ONE 

NOItMLZ 

A INV. 

Y NORM 

A NORM 

NV1 

Not usccl. 

Not used, 

Not used. 

Normalization factors for matrix of coefficients. 

Not used. 

Normalized Y 1. 

Normalized matrix of coefficients. 

Twice the number of active parameters. 



2.8.1.2 Iliflcrci~ tial Correction 

The differential correction 1110di11e CADSLS ]-trocluces a running 

commci~ta~y as clilfercntial corrcction progresses. 

The meaning of each line is as follows: 

PROCESS COMPLEX XXXXXX 

Meaning: Iclentifies the given sensor conlplex by its six-character name. 

DAYS I-IOURS MINUTS MILLS YEARS MS YR 

Meaning: This line will contain the time origin of the calculations. The user 

must supply these numbers if he desires them printed here. 

See paragraph 2.6. 

PARTICIPATING PARAMETERS AND THEIR INITIAL VALUES 

Meaning: Introduces the next two lines \vllich are  self-evident. 

CONVERGENCE REQUIREMENTS 

Meaning: The convergence criteria for each of the prececling parameters is 

printed next. 

ITERATION NUMBER N LAMBDA MAX=L 

Meaning: This line states the iteration number and the nlaxilllull~ value of 

LAMBDA. The latter parameter is  2 if the gradient vector is  

being monitorecl, and 1 if the vector is  not being monitored. See 

Notes, modulc GADSLS. 

XLhM=XXXX G A ~ ~ I ~ ~ I A  I'YYY 11SUMSQ-ZZZZ LAMBDA N 

Meaning: This line gives Ihc Mz~sclunrtlt mi.;lure ~xirtuuetcr x the 

angle Y belwecn the gradient vector and lhe Taylor vector, lhc root-mean-sc1u;~recl 



ci+sor (thc unlsinsctl stancl:~rd tlcvintion of fit), :ulcl lllc grntlicnt n~ctl~ocl-'l'nylo~. 

mcthotl yointcv LAMBDA, rcspcctivcly. LAMBDA=l cori~csponds to the 

gi*adicnt mcthocl; UMBDA=2, to the TayIor mcthod. When XLAM is very 

small, LAMBDA 111m is s e t  to 1 since the compxrison bctwecil the two ~~~e t l loc l s  

is not necessary. This will occur when convergence is procecdhg efficiently. 

Refer to the description of tile GADSLS moclr~le. 

DIFFERENTIAL C O ~ E C T I O N S  AlEE 

Meaning: This line introdrtces the next few lines which a r e  obvious. Note 

that in GADS the corrections a r e  subtracted, not added. 

An example of these lines of print a r e  shown below. 

2.8.1.3 Convergence in Differential Correction 

When differential correction can be terminated successfitlly, the 

following lines of print appear: 

TOTAL N. DATA PTS. USED N 

Meaning: This line states total nunlber of data points included in the given 

sensor complex. 



Y- 
; J 
t 
0- 
R 

V 
LC 
Ct- 
tr 
to- 
o- 
P 



-x r> IT 3 Z I: 1 Z '  
3_ Y 

0. iU I L 4 

c) I " )  0 

- 
n 3 
I + 

F, - 
3 x 7  3. 
- m  h 
I l'l LQ 
0-4 -C 

35 3- 
N 51 - In icl 6 

t * NI t 
4 

N I! w 
3 < J l c - ~  
I X Z I  

.To. C 7 < r ,  
% : - r t C T \  
J r C t- -1 &cl 
J 3 U LJ i9 
r 3 m  3 L ' , > r n  

- C ~ L *  
C )  f r :  
e m 3 0  

3. LJ 
CI 
0 .A, - 

I2 71 G '  CJ 
I * .--I I 

0- +/4I ,- - c S  0. 2 - E r n  
a-3- * w r L r  
-J m i ~ '  A n 

T I I  11 Q I 
T 9 1 t L S  
4 .ri L L '  4 

- 1 - *  
I w a l  



DEGREES O F  FR,EEDOM N 

Mcaning: This line states the statistical dcgsccs of irccdom. (Scc 

Refcrcnce 16. ) 

TOTAL N. OF OUTLIERS 

Mcaning: The number of data values leading to weighted residuals in 

excess of X*SDEV, where X is the number entered in card 

columns 71-80, carcl G14-1. See Run Decls. -- 
NOTE: The number of outliers will not appear unless outlier 

detection was requested on the said card. 

TOTAL N. OF FILLS 

Meaning: This is the total number of fill-data flags encountered. Fill- 

data flags a re  discussed in the Glossary m d  Usage. 

STANDARD DEVIATION OF FIT 

Meaning: This is the root-mean-squared error  (the unbiased standard 

deviation of the weighted residuals). 

The next eight lines give the entire 32 parameters at the conclu- 

sion of differential correction. Asterisks printed next to the pa ra i~ le t e~  name 

indicate that the parmneter was active. Refer to i l l~~stration on following page. 





2.8.2 lIESCRIPrl'ION O F  OUTPUT lJZZOM GAUSST 

'l'hc following clcscril~tion of thc output procluccd by GADSST is 

illustrated below with an :lctu:~l compute'-procl~~cccl output clcrivccl from a two- 

parameter fitting process. 'I'lle mathcinatical clcrivation and interpretation of 

all parameters is contained in Rcfcrcnce 16. 

CORRELATION MATRIX CORMAT (I, J) 

The parameter names are  listed in a column to tlle left in the 

order of appear'mce of their cross-correlations in the matrix. As an example, 

element (1,2) (or 2 , l  since matrix is symmetric) in the matrix corresponds 

to the correlation between parameter 1 and parameter 2. Likewise, for a 

larger matrix, element (I, J) corresponds to the correlation between parameter 

I and parameter J, where I and J identify the It11 and Jth parameters in the 

parameter name column. As discussed in Reference 16, it is desirable to 

have the off-diagonal terms of the matrix approach zero. 

CONFIDENCE LEVEL = .95 T =  X.XX 

CONFIDENCE LEVEL = .50 T =  X.XX 

For these two confidence levels, the student "ttf statistic is printed. This is  

the value of Ta (cz= 9.5 and .50 in this case) wl~ich is used in colnputing 

interval estimates of the parameters. Computation of parameter interval 

estimates is  cliscussed in paragraph 4.3.2 of Reference 16, 

PARAMETERS 

The parameter namcs 'mcl their final estimated values are  listccl. 

SIGMA P 

Tllis is a listing of the unl~iasctl standnrcl tlcvintion (a) of each 

p:\uamctcr. 



TC is the absolute value of tllc ratio of the pnrailctcr to its 

staldarcl devintion. It is  used to tlctcrlnine when a parameter is significantly 

cliffercnt from zcro. As a1 cxaunplc of its application, if a parameter for 

bias were includecl in the fitting prc~cess, i t  may be desirable to checli this 

paraneter to cleternline if i t  is signifi~~antly different from zero. 

In the program, all the student "t" values a re  conlparecl with TC 

until the largest value less than TC is found, ancl then its associated confidence 

level is listed just to the right of TC under the heading LEVEL. Hence, the 

value under LEVEL indicates the probability level with which the parameter 

is significantly different from zero. 

It should be noted that this application of the t-test of significance 

applies only to the case where the estinlatecl parameter is to be compared 

with zero. Reference 16  discusses how similar tests of significance can be 

perfoi-nied for other theoretical parameter values. 

CONFIDENCE LEVEL = . XX F = X . X X  

F is  the value of the Snedecor "F" statistic for the associated 

confidence level. This value of F is used in computing the contour staldard 

cleviation. 

CONTOUR STANDARD DEVIATION = X. LXX 

This is  the value of the contour sta~cla~cI cleviation ac as 

cliscussecl in paragraph 4.3.4 of Reference Tf3. ac is  that value of the resiclunl 

standard deviation \vllich woulcl be cxpccted if thc 11arcz111ctcrs were allowccl to 

vary simultaneously over an ellipsoidal conficlcncc rcgion of the prescribed 

probability. 

Listed undci- 1' are the filial values of the estim:ltctl par:tmcters, 

the l~amcs of which nppcar to the lcl't of tlicsc listctl v:tlucs. 



Listccl unclcr. ISL1JIJ'SOJT)AP~ ESTIMATES 0 1 g  PATtAMErl'EI1S are 

the vector componcnts which dcscribc the cllipsc which has a. probability 

contour 3s spc~ i f i c~ l  13y CONrfOUIt . where . XX is the probr~bility levcl. 

This subject of cllipsoit1:~l estimates is cliscusscd in Itcfcrcncc 16, paragraph 

4.3.4. Each column uiidcr this heading is a vcctor representing an axis of 

the error ellipse which has as its center thc p;tran~cter cstimatc listed ~mcler P. 

Each elc~ncnt of a particular column is a vector component specifying a clis- 

mice along an axis, thc order being analogous to the order in which the 

paranieters a re  listed. As an example, thc first elcment of the first column 

represents a clistance along the ALPHA-axis, the seconcl element a distance 

along the PHIO-axis. The conlposite of these two comnponents represents one 

axis of the error-ellipse. Likewise, tlie second column specifies the second 

axis of the ellipse. Obviously, there will be as many components of each 

vector as there are  paranieters, and also as many vectors as there a re  

parameters. 





2,9 OUTAINING SC-4020 IIAZZ1)COPY Olt MICROFILM 

In order to olAain it t:~pc output on Unit 11 suilnblc lor the SC-4020, 

siil~ply clclctc the GADS version of GltIDlV ru1d I'OINTV. This will allow thc 

GSFC n~odulcs to be loaclctl. 

2.10 UPDATING THE GADS RUN DECK COMMON BLOCK 

GADSRD is a FORTRAN blocli data subroutine which loads the 

na~necl comnlon area, RUNDEK, at object time. The contents of this common 

block are  the GADS RLUI Declc (card images) and various other paranletem, all 

of which must remain undisturbed during the processing. (All other arrays c'an 

be overlayed, if desired. ) 

Since these card images constihte the GADS lTprogramlT, the 

question arises as to how a swift modification can be niacle, pending availability 

of new FORTRAN data statements. There are four (4) possibilities, they are 

as  follows: 

a. The first possibility is  that the modification is so brief 

that a rapid reconipilation is possible. This will only be possible when the 

change involves simple replacements; i. e., when the total number of card 

images remains ~mchangecl. 

b. The secolld approach is to ignore the present contents of the 

moclule GADSRD nnc1 load the entire set  of card images at object time using 

the following control cards: 

START GADS CARDS 
GADS RUN DECIC 
(GAI3S 1Xtln T_)cck goes here) 
STOP 
PRINT RUN DECIi 
STOI' GADS CARDS 

'X'hougll not necessary, the "FR1N'P1 coizlrol card  is clesjr:iblc since it 

provitlcs tllc user ~vitll a c ~ n ~ p r e l l c i ~ ~ i v c  listing of the co~~teilts of the ;irr;Iy 

nuNnEr;. 



C. The third :~ltcrn:itivc m n l i ~ ~  use of :m intcrnal uptlnting 

capability in module GADSIN. The nlctIlotl of uptlating the carcl iinagcs in 

array RUNDEI< is  analogous to the ~netlzocl of upclating symbolic ~~rogranls .  

That is, one specifics three integers -I, J, I<. The meaning of these is as 

follows : 

-1, 0, I<: insert K given card images beginning after the 
I resident image; 

-1, Jy I<: delete the I through J resident card images and 
insert the I< given card images; 

-I, J, 0: delete the I through J resident card images with 
no insertions. 

During these operations, the card images a re  maintained contigxous by 

shifting up and down as  required. The "card excessu or uhiastl is also main- 

tained so that the user need not be concerned, as in program upclating, with 

the effect of aclditions and deletions upon the card count. He is limited, 

fixthermore, to making the modifications in ascending order of card count, 

also as in program updating. 

The format for an UPDATE control card is as follows: 

Card Col. Forn~at  Variable Conlnlent 

1-6 A6 CARD This field contains "UPDATEtt. 

7-10 4X Ignored. 

11-15 I5 -I This variable is cliscussecl in the foregoing 
paragraphs. (This ininus sign is optional. ) 

16-20 15 J Also discussed above. 

21-25 15 I< This must be the esact n ~ u n b c ~  of card 
images to be insertecl. 



A typical se t  of modificntion controls is: 

START GADS CARDS 
PRINT RUN DECK 
UPDATE -83 84 2 
DISPLAYS 
COMPLEX SUNLIT FINALS BYSTEP 
STOP UPDATE 
PRINT RUN DECK 
STOP GADS CAnDS 

This program would replace the 83rd and 84th card images with those proviclecl. 

In adclition, the GADS run declc tvoulcl be printed before and after the modifi- 

cation. The second printing is good insurance against ~uldetected erroneous 

updates. 

Finally, observe the STOP UPDATE card. This card must follow the las t  

group of updates and is obviously used to halt interpretation of additional updates. 

d. In addition, module GADSIN recogriizes certain standard GADS 

control cards during the input stream phase. That is, if any of the following 

controls appear cluring the reading of the input card stream and a GADS RUN 

DECK card has not previously appeared, they will replace the corresponding 

controls and related specs in array RUNDEIC. The groups so recognized are: 

G3, G4, G5, G6, G7, G8, G9, G17. These groups are discussed below in 

A typical use of this approach is to replace the parameter estimates: 

START GADS CARDS 
PRINT RUN DECK 
PARAhIIETER ESTlMATES 
(4 data cnrcls) 
PRINT RUN DECIC 
STOP GADS CARDS. 

As ]>rcviously, the " LltINTu s tatcmcnts a r c  optional. 



SECTION 3 

IZUN DECK 

3.1 CONVENTIONS 

In the explanations that follow, the following sin~plifying 

conventions a re  adopted: 

a. Control cards pertaining to GADS are  referenced by a nun~ber 

prefixed by the letter G. Hence, G13, for exan~ple, refers the reader to 

the 13th GADS control card. This number is in no way related to the pro- 

gram but is used to assist in the documentation. (Control cards are  identified 

in the program solely by their mnemonics punched in columns 1 through 18, ) 

Moreover, the expression "G13-211, for example, refers the reader to the 

second card under G13. 

b. Standard FORTRAN forniat specifications are included to aid in 

the description of the cards. 

c. All hollerith sylnbols a re  left-justified and have six characters. 

d. Al l  hollerith directives a re  18 characters. The first worcl is 

left-justified; thereafter, words are  separated by one space. 

3.2 DEFINITIONS 

3.2.1 VECTORS, SETS, ELEMENTS 

Lists of syn~bols may bc orclcrccl or  tu~lordc~cd; they are  l.cfcrrcd 

to as vectors ancl sets, rcspcctivcly. Lists of cluantities arc  always vectors 

ilnd the ciltrics 51 :a list :arc clcments; t11:tt is, vcctors Lmtl sets arc  nlaclc up 

of elcmeiits. (NOTE: Cnrtesitu~ vectors are vectors oS tlimcnsion 3. In this 

tlocui~zcnt, a vccior is 1101 :~ssumctl io I)c c:~lr*tesi:u~ unless si:ilecl csplicitly. ) 



3.2.2 SPECS 

'l'hc acronynl "specs" will refer to clnt,?. cntcrccl :~ccorcling to oilc 

of thc specific rules statccl below for some specific subject. Esancplcs of 

subjccts arc scnsors, con~plcs of scnsors, SC-4020 clisplay r c c ~ ~ ~ c s t s ,  etc. 

Hence, thc cspression wsensor specs ~ulcler G13-2", for exainple, refers 

to the sensor-related vectors mcl sets p~mchccl in card G13-2. 

3 . 2 . 3  OBSERVABLE 

Observable cluantities a re  those to which one might wish to fit a 

theoretical curve. Typical observables are the output values obtained from 

sensors and a r e  not limited to on-board sensors. For example, the amplitude of 

telemetry signals are sometimes available in recorded form. This amplitude is 

sensed by the ground receiver antenna and is a function of several factors which 

inclucle the clistance ancl relative orientations of the transmitting and receiving 

antennas. For soine cases, it is possible to infer some lmowledge of the 

spacecraft's attitude from this anlplitude variation. Receivers can sometilnes 

conlpensate for variation of signal strength by incorporating an automatic gain 

control (AGC) techniclue. Refer to page 188, NASA-TN-DGO8. An observable 

signal, then, is any signal available to the coinputer wliicll is helpful in 

attitude determination. 

3. 2.4 COMPLEX OF SENSORS 

The GADS system is Clesignecl to fit predicted (theoretical) curves 

to the observed outputs of several sensors at once. That is, the GADS systenl 

is a vector cliffercntinl corl*cction p'0gi~a111. It is in~plicd, therefore, that 

there is a way to tlcfinc the lncmbcr sensors (components) in a given vector 

cliffcrcntial correction j3roblcin. Thcsc participating sensors are  relcrred to 

as n Complcx of Sensors. In GADS, cacll scnsol. colnplcs is dcfinctl at  objcct 

time, as cs1)laincd bclow. A s  mtuly :IS eight sensor complescs m:iy bcl tlcl'hlctl, 

eztel~ with al-l)itr:~~ily chosen scnsovs and c:tch with its o\vn sset of' oljtions. 



A complex of scnsors, t l ~ c r c l o ~ e ,  constitutes a vcetor 

diff'crcntinl corrcction problc~n complctc with its own con~poizcnts, pnr:~i~uctcrs, 

displays , ant1 other options. Tll~ts tllc control card COMPLEX OF SENSORS 

is to bc rcgnrdcd as a GADS csecutnblc statement. If more than onc such 

complex is clcfincd, the orclcr of cxccution is  cx11lainecl bclow (see cnrcl G14a-1). 

If a certain complex of sensors results in succcssful convergcncc, 

the newly refined parameters are  transmitted to the ncxt complex as initial 

estimates. This talies place in subroutine GADSPT. It is cvidcnt that a series 

of intermediate parameter refinements can be accomplished with the use of 

this type of control card. Parameter cascacling, as it is sometimes called, 

is discussed in Reference 1. 

Maen a given conzplex fails to obtain convergence, the others 

are  not necessarily affected. Hence, one may employ these comn13lexes as 

auxiliary operations for various other reasons. For example: a. ) alternate 

methods of solutions may be triect during the same run, b. ) some aon-essential 

parameters may be desired without jeopardizing the main solution, and 

c. ) special displays can be generated by dunllny complexes. In the last 

example, the display option is the main interest. The complex would be defined 

so as  to iterate only once. The most iinportant factor to keep in mind in 

defining a sensor complex is to insure that it leads to a "well-posedt' systein 

of normal equations. For example, a coinplex containing only syinnzetry &-xis 

sensors leacls to singx~lnr ccjuations for balru~cecl spinning spacecraft. Rcfer 

to Rcfercnce 1, page 80. 

PARAMETERS 

A cjuantity is defined to be :i pa r :~mctc~  if it is to bc rclincd by thc 

method of lcnst scjunrcs ~liffe~cntial  corrcction, The sct of l~nraillctcrs 111:~~ 

contain orientation angles (right ascension, clcclinution, i e l i o n )  spill I-ales, 

spill pcriotls, calibration consta~ls ,  tu~c l  coafig~.urnlioi~ const:ults. A cjualility 

will bc rcfinccl by diffcrcntial corrcction if it is assignecl n syml~ol ~incl its 

syn~bol nppcars in tlle I'AIUMETER NAMES specs, (25-l,2,3,4. Th:lt is, 



a c1unntity bccoincs a l):~r:tmeter i E  i t  is nssignccl a unicluc symbol nncl this 

symbol nl2pe:lrs only once hi GG5-1,2,3,~1. 

3 . 2 . 6  CALIBRATION CONSTANTS 

Lct the output signal, 1, of a certain sensor bc clescribcd by the 

ecp a t ion: ' 

where :Tis some function of x ancl al, 
a2' "3. 

The latter a r e  constants 

detcrnlined by the hardware and x represents that par t  of the space environment 

up011 which the instrument operates. (For example, x may be the intensity of 

solar  radiation r e a c l k g  the instrument, ) Then the constants a aZ, a 3'"' 
a r e  termed calibration constants. Typical calibration constants a r e  zero 

level bias and slope, For a solar sensor with a linear response, equation 

(1) would be: 

f = a  + a x .  
1 2  (2) 

Thus a is the zero level bias ancl a is the slope. 
1 2 

3.2.7 MOUNTING CONSTANTS 

Config~~ration or mounting constants a r e  defined as  follows: 

Consider the quantity x discussed in the foregoing paragraph. x is obviously 

a f~mction of the spacecraft orientation with respect to thc space environment, 

say solar  radiation, S. Hence, x will depend on the vector cjuantity 

where E is :I 3 s 3 coorclinntc transformation lronl the space cnvironi~lcnt 

system to vehiclc coordinates. h/lorcovcr, s c1el)cnds on thc oricntntion of 

thc sensor scnsitivc axis (or si~rf;lcc) wit11 I - C S ~ ) C C ~  to vclliclc coordin:rtcs. 

That is, s :tlso tlepcncls on Ihc sensor n~o~mting.  llcncc, 



wllerc I< is  a c:trtesinn vector describing the sensor mounting wit11 respect 

tc x:zhiclc eooi.dlnztes. Tllcil tiic components of I< :urc callccl momlting con- 

st,ults, When n velliclc possesses moving p a t s ,  inotmting constnnts may also 

be dcfinccl. Rcfcr bclow to cards G11-l,1 mcl G13-1 througl~ 7. 

3.3 RULES 

Specs a r e  discussed individually for each card, Rules given 

~u~c le r  a certain card  to not necessarily carry  over to other cards. Since 

certain rules ancl restrictions appear often, they warr'mt the following assign- 

ment of names: 

3.3.1 PACK RULE 

When a l is t  is to be punched without skipping fields, i t  is said to 

obey the PACK rule. This rule does not imply that the list must be totally 

filled. It does mean, however, that the f irst  blank field indicates the end 

of the list. 

3.3.2 ORDER RULE 

If the order of appearance of the entries in a list i s  relevant, 

the l is t  is said to have ax ORDER rule and the l ist  is a vector. Otherwise, 

i t  is understood that elements of a list may be pernzuted. 

3.3.3 CORRESPONDENCERULE 

When elenlents of one vector a r e  to be related to those of another 

the association i s  achicvcd by the elenlent number. This rule i s  callecl the 

C 012RE SPONDENCE rule. 



The run  clcclc for  the UNIVAC 1108 EXEC VIII sys tem i s  arrnngctl 

a s  fotbllows: 

Cavcl No. Contents ancl Conlments 

@ RUN 

@ ASG,T GADS,T,NNNN 

@ASG, T USER, T ,  MMMM 

@ASGy T H ,T  

@ASGy T DATA1, T, I 

@ASG, T OUTPUT, T ,  J 

@ASG,T ORBIT, T , K  

@ASG, T ORBIT, T ,  K 

@ASG, T ORBIT, T ,  K 

@REWIND USER. 

@REViTIND GADS. 

@COPIN USER. 

@COPIN GADS. 

@FREE GADS. 

(GADS program)  

(user program) 

(display tape) 

(optional) 

(optional) 

(optional) 

(optional) 

(optional) 

15 @FREE USER. 

3.4.1 BASIC RUN DECK 

The basic  GADS run  cleck is slio\im in Figure 3-1. The first 

card mus t  always be START GADS CARDS; the l a s t  carcl, STOP GADS CARDS, 

as sho\w~. Carcls G3 through GI8  cIcfi~le tlie :ittittrcle cletermination calculations. 

Thc i r  im,ages a r e  maintainecl in core :111cl :we scaniled each tinlc moclule GADSIN 

is cnllecl. Note that the colitents of cnl-ds G3 through G18 nlny bc loaclccl into the 

array ItUNDElti by inc:uls of DATA statements.  In such tl case ,  the control cni*tls 

C2 through CIS a rc  not iiecdecl. 'I'he physical tleclc thcn bccolnes significantly 

r-cclucetl. 



The ca rds  are cotlsiclered in groups. Groups consist  of one o r  

inorc  coiltrol cards t o g e t l ~ c ~  with thcir l ist ,  data, o r  specification cartls. 

The numhcr of cartls followiilg cach co~ l t ro l  ca rd  is inclicatecl. 



Cnrtl No, 

G 1  

Con tents m c l  Commcnts 

STAlXT GADS CARDS 
(110 data carcls) 

GADS RUN L)ECI< 
(all the following carcls 
thro~tgli  G18) 

PAnAMETER 
CALIBRATIONS 

(2 data  cards)  

PARAMETER MOUNTS 
(2 data cards)  

PARAMETER NAMES 
(4 data  cards)  

PARAMETER ESTIMATES 
(4 data  cards)  

PARAMETER ACCURACY 
(4 data cards)  

PARAXIETER CONVERGENCE 
(4 data cards) 

PERTURBATIONS 
(4 data cards)  

CONSTRAINT O F  MOTION 
(5 data cards)  

AUXILIARY FUNCTIONS 
(2 data cards)  

AUXILIARY ESTIMATES 
(2 data  cnrcls) 

OBSERVABLE (SENSOR) 
(4 data cards o r  more)  

(Required) 

(Optional) 

(Optional) 

(Optional) 

(Optional) 

(Recluired) 

(Optional) 

(Optional) 

(Optional) 

(Optional) 

(Optional) 

(011 tionnl) 

(At leas t  one 
is rccjuircd) 

Figure 3-1. GADS Itun Ileclc (Shccl 1 of 2) 



These may bc ns inmy  a s  sixteen OBSERVABLE ((SENSOR) groups. 

COhIIPLEX OF SSENSORS (At lcas t  one 
(7 data cards)  i s  required) 

CARRY AUXILIARY FUNCTIONS (Optional) 
(2 data ca rds )  

DIFFERENTIATE NUMERICALLY (Optional) 
(4 data ca rds )  

CALIBRATE SENSORS (Optional) 
(2 data ca rds )  

CONSTRAINT 
(2 data  cards)  

(Optional) 

NUMERICALLY INTEGRATE (Optional) 
(2 data cards)  

There  niay be as many a s  eight groups lilre 14a  through 14f. 

That is, up to eight sensor  complexes may  be defined. 

DISPLAYS (Optional) 
(6 o r  m o r e  data  carcls) 

PROBLEM DEFINITION (Optional) 
(1 data carcl) 

USER IDENTIFICATION (Optional) 
(1 data  carcl) 

STOP 
(no data  cards) 

(Required) 

STOP GADS CARDS (Recluirecl) 
(no data ca rds )  

Figure 3-1. GADS Run 1)ctck (Sheet 2 of 2) 
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3 .  (1.2 DETAILED DESCRIPTION OF IZUN DECIC 

The cards a r e  cliscussccl in clctnil below. IIollerith inputs a r e  

shown in capitals rule1 cluotations and al.e left-justified. Ilollerith phruscs con- 

tain one space between worcls. LVl~cn in doubt, refcr  to the data statclncnts 

in moclule GADSIN. 

The formats a r e  designee1 to give a goocl impression to the person 

inspecting a listing of the cards. It will be noted that the essentials of ,an 

attitude problem a r e  readily discernible. To obtain a listing, see  below. 

Card No. Card Col. Format Variable Commentary 

G1 Required. This must 
always be the f irst  card 
read by GADS. The 
card input stream will 
continue to be read by 
module GADSIN until 
either the stream is 
exhausted o r  card G19 
is encountered. 

CARD This field contains 
" START GADS CARDS". 

Ignored. 

This control is needed 
when the GADS run deck 
is to be loaded into the 
scanning area RUNDEIC. 

CARD This fielcl contains 
ItGADS RUN DECIC". 
The card streain will 
then bc loaclccl until a 

STOPv is cncountcred. 

0ption:ll. This cart1 
cntll-tles tl1c user to 
cluest tllc rcfinclnent o l  
c:llibyntion constants by 
least scluare t1il'ferenti:il 
correction. 'l'hat is, this 
c:trcl i s  used to dcc1:iro 
certain calibration coi~sta t~ ts 
as ]~:iramctcrs. 



Cnrtl No. C a r d  Col. Format Variable Commentary 

1-18 3 A6 WORIc This field contains 
" PMlAMETEIl 
CALIBIWIONS" 

Recluirecl i f  G3 appears. 

CALIBPl This element is the name 
(symbol) of a p a r a l ~ e t e r .  
Hence, this element must 
also appear in the s e t  dis- 
cussed under G5-1,2,3,4. 

Ignored. 

CALIBP2 This elenlent is the sym- 
bol of a sensor. Hence, 
this element nlust also 
appear in Col. 1-6 of a 
card of the type G13-1. 

ICCPS This element is an inte- 
ge r  from 1 through 6 ,  
inclusively. 

Ignored. 

NOTE 1: The vector 
{CALIBP~, CALIBP2, 
I<CPS) instructs the GADS 
system to refine the KCPS 
calibration constant belong- 
ing to the CALIBP2 sensor 
and to identify this para- 
meter  as  indicated in ele- 
ment CALIBPl. 

Sanle as  columns 1-20. 

Sane  as card (23-1. 



NOTE 2: Whilc each 
vector ( CALIBP1, 
CALIBPZ, ICCPS ) obvio~~sly 
obeys the ORDER and PAC](. 
rules, the 4 available fields 
for each such vector clo not 
obey either rule. For 
esample, if a certain para- 
meter has been determinecl 
from previous runs, its 
associated data appearing 
on these cards may be 
deleted without rearranging 
the remaining punched clata. 
A total of eight arbitrarily 
chosen calibration constants 
may be declared as para- 
meters. 

Optional. This card 
enables the user to request 
the refinement of confipra- 
tion or mounting constants. 
That is, this card is used 
to declare certain mo~~nting 
constants as parameters. 
Note the similarity with 
card G 3 .  

WORK This field contains 
"PARAMETER MOUNTS". 

Ignored. 

ORIENPl  This elcnlcnt is  the synlbol 
of rt parrtmctcr. IIencc, 
this elen~cnt must appear 
in the set discussed tulclcr 
G5-1,2,3,4. 

Ol'LII3N1)2 'l'llis cle111c11t is t l~c sym l,ol 
of :I s e ~ ~ s o r ,  IIcnce, it 
must also :\l~penr in Col. 
1-6 of a cart1 of thc type 



CxrdNo. CartlCol, Format V:tri:tblc 

14,15 I2 KOPS This element i s  an integer 
fro111 1 through 6, inclusivcly. 

16-20 5X Ig~lorecl. 

NOTE: The vector { ORLENI'l, 
ORIENP2, 1iOPS) instructs 
the GADS system to refine 
the IiOPS mounting constant 
belonging to the ORIENP2 
sensor and to identify this 
paranieter as  indicated by 
element ORIENPI. 

Same a s  columns 1-20. 

Sanie as  columns 1-20. 

Same as  columns 1-20. 

Same a s  G4-1. 

Consult Note 2. 

Required, This card intro- 
duces the s e t  of parameter 
syn~bols. It must not precede 
cards of the type G3 o r  G4. 

3A6 WORK This field contains 
"PARAMETER NAMES'. 

Required. This card contains 
the names of the f i rs t  eight 
parameters. 

1-6 A6 PARAMS The name of the first parameter. 

11-16 A6 PARAhIlS The nnll~e of thc second parn- 
meter, ctc. 

This card contains thc naillcs 
of thc 9 th through 16 111 para- 
~lzeters. 

8 (AG, 4X) This card contains the nai~lcs  
of the 17 th througl~ 24 tll 1)ar:k- 
meters. 

8 (AG, 4X) 'i'his carcl cont:rins thc na111cs 
of tllc 25th thro~rgh 32nd para- 
meters. 

3- 13 



NOTE 3: When the CADS 
system is cmployccl as a gen- 
eral purpose cliffcrcntial 
corrcction loop, tllc uscr m:1y 
definc his own para~neters  ancl 
arrange them in any orcler. 
In so doing, he must malie inm- 
irnum use of the nm deck in- 
structions; i. e. , he may not 
capitalize on implicit data. 
This type of application is 
explained separately. Norm- 
ally, however, implicit data 
will be understood. The first  
fourteen parameters, for 
example, can be implicit. 
They a re  required in the deter- 
mination of the attitude of 
space vehicles. In this sort  
of application one may ignore 
the first 14 paraineter names 
and begin punching the symbols 
starting with the 15th field. 
These symbols a r e  those 
assigned to calibration and 
mounting constants which 
appear in cards G3-1,2 and 
G4-1, 2. In addition, other 
parameter names may be in- 
cluclecl as  explained in Section 
2. Of course, i t  is in~por tmt  
to avoicl cl~~plication of symbols. 
The following syilibols a r e  
reserved: 

1. wALPfL4u - right 
ascension, cmgular n~omentxun . 
2. tlI)ELTAff - cleclinatioi~, 
angular momentum. 

4, ltTIIE'L'nOH - second 
Eulcr tmglc. 



6. uPIIIDOTH - f i rs t  
Euler rate. 

7. uPSLDOTM - third 
Euler rate. 

8. "AAAV - f irst  mon~ent  
of inertia. 

9. "BBBVt - second 
moment of inertia. 

10. "CCC" - third 
moment of inertia. 

12. "QOU - y component 
of 0. 

13. "RO - z component 
of a* 

GG- 1 

14. "TO1' - origin of 
time for elliptic f~ulctions 
(Reference 1). 

Required. This card 
serves  to introduce initial 
estimates of the parameters. 

3A6 WORK This field contains 
"PARAMETER ESTIMATES". 

UEST Rccluirecl. Tliis is the f irst  
of four cards wl~ich must 
appear following GG. 

1-10 E10. 5 UEST This elemcnt is  the cstimatctl 
value of thc Sirst p:~ranletcr. 

11-20 E10.5 UEST Thc vnluc of thc sceontl 
pnran~eter .  

21-30 E10,5 UEST The v:~luc oS the thirtl 
paramctcr. 



GG-2 SElO. 5 UEST This card contains tile 
estimated values of the 
9th through 16th parmicters.  

SE10.5 UEST This card contains the 
estimated v a l ~ ~ c s  of the 17th 
through 24th parameters. 

8E10.5 UEST This card contains the 
estimated values of the 25th 
through 32ncl parameters. 

NOTE 4: The CORRES- 
PONDENCE rule relates 
the elements of cards 
G5-1,2,3,4 and G6-1,2,3,4. 

Optional. This card serves 
to i n t r o d ~ ~ c e  data concerning 
the accuracy (not precision) 
with which the aforementioned 
parameter estimates a r e  
given. Not reacly. 

WORK This field contains 
"PARAMETER ACCURACY". 

Ignored. 

This is the f i rs t  of four cards 
which must appear if G7 
appears. The elements in 
carcls G7-1,2,3,4 a r e  
punchecl exactly as those 
in carcls GG-l,2,3,4. When 
this option is not exercisecl, 
internal values a r e  employed. 

SElO. 5 UACC See preceding commentary. 

8E10.5 UACC See prccccling commentary. 

8ElO. 5 UACC See preceding commentary. 

Optional. This card serves 
to introclucc the convergence 
critcriu for the paramctcrs. 



Cnrd No. Form : k t  Vnrinblc 

3126 W ORIC 

8E1.0.5 EPS 

8E10.5 EPS 

8E10.5 EPS 

8E10.5 EPS 

WORK 

E8.3 UCUTS 

Card Col, 

1-18 This ficlcl should contain "I'AIXA- 
MErI'ER CONVZRGENCEu. 

Ignored. 

This is the f i r s t  of four cards 
which must appear if G8 appears. 
G8-1,2,3,4 a r e  p~mchcd exactly 
a s  those in cards G6-1,2,3,4. 

See preceding commentary. 

See preceding commentary. 

See preceding commentary. 
When this option is not exer- 
cised, internal values a r e  used. 

Optional, This card serves to 
introduce parameter perturba- 
tions which a r e  employed in 
nmnerical differentiation. 

This field contains 
"PERTURBATIONStt. 

Ignored. 

Perturbation (small n ~ m b e r )  
used to approxinlate partial 
derivatives by the metl~od of 
"false positionv. Perturbed 
functions a r e  computed on both 
sides of center. Let cl: UCUTS(i) 
and let N be a.11 integer (O<N<5). 
Then GADS will compute the prc- 
dictecl sensor outl~ut f for the 
argz111ients: U, U+d, U-cl, U-2c1, 
U tad, . . . U-Ncl, Ut Ncl, wl~ci-c U 

the se t  of systeln 
parameters. The partial clcr- 
ivative of f with lo U(1) 
can lllcn be estini:~tecl by :k form- 
ula. See stxtcmcnt 1001, motlulc 
GADSGC. This is lllc i'irsl ol' 
four cards wllicll musl appc:w il' 
G9 nppc:ws. These cptnntitics 
a r e  rcltltcd to those of (35-1, 2,:1,4 
by the CORRESIWNDENCE rule. 



9 , lO  12 LINKUZI This is the vnluc of thc intcgcr N 
discussed above. At this w r i  Ling, 
N slzoulcl bc 1; values grcatcr thr~n 
1 are treated as 1. Sce module 
GADSGC. 

Same as colun~ns 1-10. 

S m e  as  columns 1-10. 

See preceding commentary. 

See preceding commentary. 

See preceding commentary. 
When this option is not exer- 
cised, internal values are used. 

Optional. This card serves to 
introduce an equation of con- 
straint. Not ready. 

WORK This field contains "CON- 
STRAINT OF MOTION". 

Ignored. 

2(A6,4X), I2 This is the first  of five data 
carcls which must follow G10. 

A6 HTITLE This elenlent is the name o r  
symbol assigned to the con- 
straint. 

Ignored. 

I-ICODE This clement is thc code of the 
constraint. 

Ignored. 

NUMIIF This clcincnt is ml  intcgcr in 
thc rmgc 1-8, inclusively, or 
]nay bc Icfl l>lal~li. (Thcrc is 
no purposc lor this licld at 
this writing. f 



Cnrd No. CnrclCol. F'orm:~t Vari:ll~lc Cornment:ury 

This is the f irst  of four cards 
which provide ii11ormation about 
the clcrivativcs of the constr:iint 
relation. Note that the elcnleilts 
containecl in cards G10-2,3,4,5 
a r e  related to the elellzents of 
cards G5-1,2,3,4 according to 
the CORRESPONDENCE rule. 

This element is the number of 
the constraint subroutine which 
computes the derivative with 
respect to the f i r s t  parameter. 
It nlay be left blank when a stan- 
dard constraint is in use. 

Same a s  above with respect to 
the second parameter. 

As above, for the third para- 
meter. 

As above, for the fourth 
parameter. 

As above, for the fifth parameter. 

As above, for the sixth para- 
meter. 

As above, for the seventh 
parameter. 

As above, for the eighth para- 
meter. 

S a n e  as  card G10-2 lsut for 
parameters 9-16. 

Sane  a s  card G10-2 but for 
pa ran~c te r s  17-24. 

S a n e  a s  cwcl G10-2 but for 
parameters 25-32. 



Cnrcl No. Card Col. Formnt Vnr iab lc  Commentary 

NOTE 5: The use of CON- 
STltALNr? OF MOTION option 
implies the use of Lagrange 
multipliers. 17 .1~  user  must 
then provide unicl~~c symbols 
for each multiplier in the para- 
meter array,  cards G5-1,2,3,4. 
The L ~ r a n g e  tnultiplicrs must  
appear after all other para- 
meters beginning in the 
LAGRANi-1st cell. The vari- 
able LAGRAN is presently 
se t  at 24 but may be changed 
if desired. 

Not used. 

Not used. 

At least one of these cards is 
required. By means of this 
and the next few cards, the 
user  defines a seilsor or ,  a t  
least, its observed output. 
Hence, this is a udeclarativeu 
GADS statement. 

CARD This field contains "OBSERVA- 
BLE (SENSOR)". 

Ignored. 

OTITLE Hollerith sensor name, 
arbitrary. 

OCODEl IIollerith "sensor operand" 
type, must be one of the 
following: 

"SOLAR" - for all sol:~i. sensors 

"BllAGNETU - for all mtig- 
notom cte1.s 

tlIIOltIZN - for :~ l l  horizon 
scan~~ci.s .  Not 



Card No. C:irtl Col. Format V:~vial~Ic Commentary 

"GROUND", "LUNAIE", 
" STE LLR" , "PLASMA" 
a r c  suggestions for f ~ ~ t u r e  
programming. 

NOTE: Tlic purpose of 
OCODEl is to furnish module 
GADSSO with tllc variable 
JSCODE which selects the 
appropriate orbit vector. 
Thus, JSCODE=l, selects 
the sun vector; 2, selects 
the magnetic field; 3,  the 
orbital radius vector, etc. 

OCODE 2 Hollerith seilsor output 
function type, must be either: 
llCOSLNE1l - for all cosine 
sensors o r  I1TUNEDM - for 
tunecl oscillator. Not ready. 

NOTE: OCODE2 selects the 
appropriate sensor output 
module. For esample, 

COSINE1! results in tlie use 
of niodt~le GADFO1, "TUNED", 
in mocl~~le GADFOB, etc. 



C:wd No. C:trtl Col. I'onnnl V:wi:tI~lc 

2 1 1X 

22- 25 0 4  NUMF 

LOCATE 

LENGTH 

ii, jj, ldc 

CARD 

woRIc 

Octal fimction code. 1Vhc11 non- 
zero, NUB{ F overrides OCOllE2. 
This fea t~t rc  is proviclccl for use 
in special problems. Setting 
NUMI?=l, 2,3.. . crlttses the 
selection of inoclules 
GADFO1,2,3. . . , respectively. 
Normally the user shoulcl rely 
on OCODE2 mcl leave NUMF 
blank;. 

Relative location of data in 
array COMM. 

N t ~ n ~ b e ~  of clata points. 

The variables ii, jj, lili a r e  for 
the user ' s  convenience in case 
he neecls them in the moc1~1le 
SENSOR. 

Ignored. 

Optional. This card is usecl to 
introduce derivative codes. In 
its absence, the stanclard cleriva- 
tive eocles a r e  usecl. This con- 
trol card must be followed by 
exactly one data carcl obeying the 
PACK rule. Up to four such pairs  
of carcls may appear at this point. 

This fielcl contains ltDERIVATIVES. 

IIollerith nainc of a system lmrn- 
n~c t c r .  This n a n ~ e  must nppc:~ 
in the list cnterccl unclcr ctlrtl G5. 



Cnvcl No. C:~rtl Col. 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

G13-4 

G13-5 

3:orm n t 

AG, I4 

AG, 14 

AG, I4 

AG, I4 

AG, I4 

A6, I4 

AG, I4 

Same as  colullins 1-10. 

Same a s  columns 1-10. 

Same as columns 1-10. 

Same as  c o l ~ m n s  1-10. 

Same as  colunlns 1-10. 

Same as columns 1-10. 

Same a s  colunlns 1-10. 

Optional, same a s  G13-2. 

Tho more pairs  like G13-2 and 
G13-3 may appear (a total of 
4). Scanning of these data 
cards stops when the f i r s t  
blanli hollerith field is en- 
countered, when 4 carcls have 
been processed, o r  when the 
control card "DERIVATIVE SH 
fails to appear, whichever 
occurs first. 

ACHAR Character selector code for 
plotting raw data points. See 
Table 4 and page 11-31, Refer- 
ence 10. 

FCHAR(, 1) Cllaracter selector code for 
plotting predicted sensor out- 
put. See sanze reference a s  
above. 

FCHAR(, 2) Character selector code for 
plotting calibratecl prcclictcd 
sensor output. 

SXSPAN IIorizontal sp:ul of onc clisplny 
frame, in millisccontls. To 
avoid csccssivc oiltplit, 
SXSI'AN shoulcl not Ijc too si l~all .  



C:lvtl No. Cart1 Col. 1:orili:tt Vnriablc Conimentary 

21,20 ElO. 5 I'DENS florisontnl spzul betwecn tlcnsc 
prcdictecl function points, 
~nilliscconcls. To avoid cxccss- 
ivc o ~ ~ t p u t ,  PDENS must also 
not be too small. For ,an ex- 
ample of n Mclenseu plot, s e e  
Figures 4,5, anc1 Reference 1. 

Lower limit of display, 
engineering units. 

Upper limit of display, 
engineering units. 

Lower limit of display when 
displaying calibrated sensor 
output, telemetry counts. 

Upper limit of same. 
NOTE: The variables SENAIIN 
and SENNlAX correspond to YE 
and Y T  in lnoclule GRDlV. 
Also refer  to page 11-11, 
Reference 10. 

Ignored. 

OCODE4 Hollerith sensor mo~mting type. 
This variable determines geo- 
metry (mo~ulting) - clepeiiclent 
calculations in ~moclules of the 
type GADSRl, 2, etc. Also note 
that these moch~les a r e  called 
by GADSSR. This fielcl may con- 
tain one of the following hollerit11 
symbols: "FIXEDV" - code for 
a fised unit vector. This cle- 
scribes the vast majority of 
sensor mountings "AXIS V" - 11. r. , 
code Sor 3 sensor mounted on :UI 

axis, fl SI-'ECJjl" - n. 1'. , code for 
special type of mounting. 



Cartl No. Cartl Col. Il'orm:~ t V:uri:~blc Coinmelit nry 

11-70 GE1 O. 5 OBRTOUN Thcsc tiiumbcrs rurc the "raw 
iiio~mting coiist:untsl~. It1 tho case 
of a "FD[EL)Vw type of sensor,  
the first two n~uii~lscrs a r e  qi ant1 
0 ,  rcspcctively. These angles 
a r e  illustratecl in Figure 16. 
The remaining nun1 hers a r e  
ignored but a r e  proviclecl for 
possible f ~ ~ h ~ r e  use. Conceivably 
the use r  may wish to cleal with a 
sensor mounting defying clefini- 
tion by merely six n~unibers. $1 

such a case there is nothing to 
keep him from providing more  
constants separately, for exam- 
ple, through a COMMON area  to 
a module of the type GADFO1. 
The main purpose and advantages 
of OBMOUN are:  1) any of these 
constants can be refined by differ- 
ential correction by declaring 
then1 a s  parameters. See card  G4. 
2) These raw constants a r e  auto- 
matically processed to produce the 
equivalent clirection cosines. See 
moclule GADSR1. 

Ignored. 

OCODE3 Hollerith sensor calibration 
function type. This variable deter- 
n ~ i n e s  the conversion of engineering 
units to telemetry counts. R'hen 
the user  so specifies, the 
obtained in moclules like GAlIFO1 
can be transformccl to tclciirctry 
counts by 1nc:tns ol moclules of the 
type (;ADC01. (Altcrnativcl y, thc 
observctl data can be calibr:\tcd. 
See modulc GADCO.1. ) TIILK 
OCOIjE3 is usctl to sclcct tlicsc 
c:tlibr:iling imoclulcs : t t  I'OLY N. " - 
rcsul ts in :1 po1yno1ni:ul cnlil>~.:ttion, 
~liotlulc GAIICOI, ~lI'U1tlEItfl, 
"OSCII,. " ,  "I)OLY. I)" - rcs~l l t s  
in a po1ynonii;tl c~~lil~r:ttioti,  inotlu lc 
CAIIC04. 



Cnrcl No, C:trcl Col. Format V:lrial~lc Commcnt:u-y 

7-10 4X Ignorccl. 

11-70 GE10.5 OBCOEF Thcsc ilumbcrs arc thc wi-aw 
calibration constants". In the 
final analysis, the significance 
of these n~unbcrs  dcpci~cls on 
their usage in the aforementionccl 
moclules. The conlnlents concern- 
ing OBMOUN, above, a r e  applica- 
ble to OBCOEF. Like those 
quantities, OBCOEF can be acljust- 
ed by differential correction using 
card G 3 .  

E10.5 OBWGHT This is a constant weighting 
factor that will be applied to all 
observations derived from the 
present sensor. When the user  
wishes to apply a variable weight- 
ing function, consult cards G14-2,3. 

Ignored. 

At least one of these cards anc1 
its clata cards n u s t  appear. By 
means of this group, the user  
defines a "sensor complexu. Hence, 
this is an uexecutablen GADS 
statement and can11ot appear before 
any group of the type G13. 

CAnD This field coiltains "COXIIPLEX 
OF SENSORS". 

Ignored. 

Ignorcd. 

Cl'ITLS(, 2) Ilollcrith n:lmc of "nest esecut:ll,lc" 
sensor coinplcs if the present 
complcx obtains convergcncc in 
tlifPcrcntial correction. If this 
fieltl is b l ~ l ~ l i ,  thc nest complex 
is  simply the nest o11c by ortlc15 
of clcclaration, If this i s  thc last 
coml)lex, h o ~ v c v c ~ ,  all diffcrc~ntial 
correction i s  :~ssun~ccl coinl~lctctl. 



Cart1 No. Cart1 Col. Form at Vnriahlc C:omlncntxrv 

15-20 AG CTITLS(, 3) IIolleritl~ nnmc of u i~ex t  executable~ 
sensor coinplcx if thc prcscnt com- 
plcx fails in convergence. If this 
field is blank, no e r ror  altcrilativc 
is assumcd and diffcrcntial 
correction stops. A HRETUIIN'f 
will have the same effect. 

Ignored. 

CTITLS(, 4) Hollerith special purpose code, 
normally blank, may contain: 
"DUMPS1f - causes raw data, 
sensor data to be printed whenever 
the sensor conlplex fails to obtain 
convergence. "OUTPUT' - causes 
this complex to be used for genera- 
ting output, See GADSAT. 

Ignored. 

CTITLS(, 5) Hollerith special purpose code, 
normally blank, may contain: 
"STATIS' - causes calculation of 
statistical measures of convidence. 
See m o d ~ ~ l e  GADSST. 

&nor ed. 

IQUITS MCaximum ilunlber of iterations. 

NUMC "Erasen outlier flag, nor~~la l ly  
zcro. NUMC=l will cause out- 
l iers to bc "eraseclM from tllc 
input data in COMh'I. SCC modulc 
GADSLS notcs. 

NTRY S Mnsil~lum nunlbcr of outlier 
detcctioi~ trials, nornlally zcro. 

IGNOPXX Ignorc prcscnt complex flag, 
normally zcro. ?Vl1e11 IGNORX- 1, 
thc prcscnt complcs will I)c 
jgi~o~ccl by ~nodulc CAIISLS. 



C:trtl No. Card  Col. Format Vnrinblc Co1nn7eiltnry 

55-60 15 MOTNS 

I5 - 
5X 

3310.5 CTOLER 

WORIC 

NWORK 

8 (AG, 14) 

At, WOltl< 

Typc of sl,:rccci-nft motion. ?'he 
typcs of motion already programmet1 
a r c  MOTION 1: simplc spin, 
MOTION-2: balazcccl Euler motion, 
MOTION-3 : non-balmcccl motion, 
MOTIO&4,5.. . : not completed. 

Criterion for  an outlier. After a 
convergence cycle, data points 
outside a "band" of + CTOLER* 
SDEV a r e  considered outliers. 
SDEV is the unbiased root-nzean 
deviation of the fit (the weighted 
residuals). 

Hollerith sensor name. This 
field must contain one of the 
OTITLE symbols. See carcl G13-1. 

Norlnally bl'anlli or  zero. When 
non-zero, this field causes the 
sensor weighting f~mction to be 
calculated by means of the 
corresponding module of tlze type 
GADWO1,2.. . 
Same a s  1-10. 

NOTE : C:trd (214-2 oBcys Ihc 
PACK rulc. Ilowcvcr, tllc nest 
carcl ]?lust bc prcscnt cvcn if 
totally b l ~ ~ ~ l i .  

lIollerilll p:tr.;lmctcr name. Thc 
contcnts of this ficld nlust 1l:lvc 
:tppcarctl somc~vhcl-e in c:trtls 
65-1, 2, 3,4. Thc 11:u~atnctcr 
namccl l ~ c r c  will be a llp:irticil):ttii~g 
])nr:l~nclcr". 



C:~rcl No. Card Col. F'osn1:11 V:~sinljlc 

7-10 4X 

11- 16 A6 

17-20 4X 

21-30 A6,4X Same as 1-10. 

NOTE: Card G14-4 also obeys 
the PACK rule. However, the 
next card must also appear even 
if blank. 

Same a s  G14-4. 

Optional. This card is used to 
cause the present sensor com- 
plex to ca r ry  certain auxiliary 
functions, i, e.,  to call certain 
nlodules of the type GADAO1. 
Jn the absence of a~uriliary fimc- 
tions, the user  shoulcl either use  
controls G14f o r  replace module 
GADSAL with a version which 
computes the attitude mat rh .  

This field contains "CARRY 
AUXILIARY FUNCTIONS" . 
Ignored. 

Hollerith symbol, must be one 
of the following: "EULANG" - 
for  colnputing the Euler angles, 
uses moclulc GADAO1; "R. P. Y. " 
- for roll, pitch, yaw, uscs 
module GADAO2 (n. r e ) ;  "AU;\Z3" - 
spare, 11AUX'4n - spare, t1AUX5u - 
simplificcl version of Eulcr :~i~glcs ,  
uses moclulc GADA05. "AUSGtt, 
"AU)i7", 11AUS8tf - spares. 



Card No. Card Col. Form :1t Vnriahlc Corn111 enlnry 

NOTE: GADS will call tllc 
moclulcs recl~~ested in the order 
of declaration. The outputs of 
thesc lnoclulcs will be storcd 
seclt~cntinlly in array AUXF. The 
n~uil11~cr of output f~mctions gener- 
ated by a certain moclule, for 
example, GADA03, is cleterlllinecl 
by the contents of NAUXDI(3). If 
tlle user  programs one of these 
modules, he should, therefore, 
insure that NAUXDI contains the 
correct  constants. See blockc 
data moclule GADSDA. 

19-80 

G 1 4 ~ -  1 I - G  

3AG CARD 

4X 

Ali, 4X WOItlC 

AG, 4X WORIc 

..... . * . . *  

AG, 4X V\'OItl( 

Same as 1-10. 

............. 
Saine as  1-10. 

Same a s  G14b-1. Both of the 
preceding cards must appear if  
G14S appears. Both also obey 
the PACK rule. 

Ol3tional. This card is used to 
request that partial derivatives 
be conlputed by the ilumerical 
perturbation (false position) 
method for certain paralneters 
designated below. A card  of the 
type G9 must precede this group. 

This field colltaiils "DIFFER- 
ENTIATE NUhTERICALLY" . 



Cnrtl No, Cnrtl Col. Fonn:tt Vnr-iablc Coirl~nent:~ry 

Same as G14c-1. 

NOTE: The four preceding 
cards must all appear if 
G14c appears ,mcl they obey 
the PACK rule. 

Optional. This carcl is usecl to 
recluest the calibration of cer- 
tain sensors during the compu- 
tation of predicted output 
functions. 

CAnD This field contains "CALI- 
BRATE SENSORS'. 

@nor ed. 

WORK Hollerith name of a sensor. 
This symbol must be one of 
those entered into OTITLE, 
card G13-1. 

Ignored. 

Same a s  1-10. 

Sanle as card G14cl-1. The two 
preceding cards a re  recluired if 
G14d appears. The PACK ~ l e  
is in effect. 

Not progrrunnlccl. 

Optional. This carel is  simi1:us 
to Gl4b. The purpose is to rc- 
cluest integration of t1iffcrenti:ll 
ccluations by mc:u~s of moclulc 
ADAMS. 



C:iud No. C:wd Col. I ~ ~ V I I I  8 t V:tsi:t131c C o ~ n m c i ~ t : l ~ y  

G 141'- 1 1- 6 AG 'CVORIC IIollcritll symbol, must bc orlc of 
tllc i'ollowjllg: "EULDICQ1 - to 
cause integration of Eulcr 
cquntions of motion using modulc 
GADDO1; "RPYDEQ - to cnusc roll, 
pitch and yaw equations of motion (11. r. ); 
" DEQS" , " DEQ4", " DEQ5It, 
WDEQGU, llDEQ7l!, UDEQ8lt - 
spares. 

Ignored. 

A6, 4X WORK Same a s  1-10. 

A6,4X WORIC Same a s  1-10. 

Smne a s  card  G14e-1. 
NOTE: The note at the end of 
card  G14b-2 also applies here. 

NOTE: Cards of the type G14b 
may appear before o r  after cards  
of the type G14e, depending on 
the requirenlents of the user .  

Optional. This cad enables the 
u s e r  to request displays. 

3AG CARD This field contains "DISPLAY ST, 

Ignorecl. 

A6,lX WORK I3ollcritl1 s j~ l lbo l  identifying the 
subject nlatter for  clisplay, must  
be onc of the following: "COM- 
PLEXtt - prepare to display a 
sensor comples; "ORBIT" - (11. r. ) dis- 
play orbit p a r a ~ ~ c t c r s ;  'tDErI'AIL" 
- prcpnrc to load display controls. 

Rss~uiljng that thc 1)rcvious entry was "CO1\/ZI'LEXfl, the card colui~~i ls  nre :IS follows: 

1 1 - 1 G  A6 WORI< IIollcri th syn11,ol iclcntifj~ing t h e  
complex to be displ:ty etl. 



Card No. Cnucl Col. Format V:~rinble Com~~~entavy 

21-2G AG MTORl( IIollcritll symbol specifying the 
level of the clisplaj~, must be one 
of the following: FINALS1 - 
clisplay final rcsults. If outlicr 
detection i s  clone, clisplay nftcr 
outliers a re  isolatecl; ltBYSTEPu 
- display at each iteration of 
differential correction; I t  SUPERP" 
- superin~pose all sensor outputs 
on same picture; "DIFCORH - 
display after each time that cliff- 
erential correction converges; 
i. e., in-between outlier detection 
trials. 

Ignored. 

WORIC Same as above. 

Ignored. 

WORK Same as above. 

Ignored. 

WORK Same as above. 

Ignored. 
NOTE: These last four fields 
a re  independent and do not obey 
the PACK, ORDER, o r  CORRES- 
PONDENCE rules. 

WORK Hollerith symbol, the name of a 
sensor to be displayed. 

S,mc as abovc. 

Smlc as  abovc. 

Stme a s  Gl5-2. 
NOTE: l~icltls in cnrtls G15-2 
ru~tl G15-3 clo not obcy thc PACK,  
OItllER, or C OILI'L15 SI>ONIIICN C li: 
uulcs. 



Card No. Caiqcl C:ol. Forniz1. V;tri:~J)le Cot~l incnta~v 

(215-4 1 - G  AG WORK Ilollcritl~ symbol ic-lcntifying the 
type of data to be displnyetl, must 
be one of the following: "APLOTu 
- plot raw data; "FPLOT" - plot 
predicted sensor output f~mct io i~ ,  
engineering units; rrTPLOTw - (11, r. ) 
plot predicted sensor out]>ut, 
telclnctry counts; i. e. , plot cali- 
brated function; ltRPLOTV - (n. r. )plot 
the residuals; "DENSE??" - dis- 
play predicted function a t  intervals 
determined by the variable PDENS 
(see card  G13-6), a s  well a s  the 
sample times. This allows the 
u s e r  to receive a continuous 
curve. See Figure 4, Reference 1; 
"ENVELPH - plot the "one sigmav 
envelope. 

Saine a s  above. 

NOTE: The preceding SLY fielcls 
do not obey the PACK, ORDER, 
o r  COREESPONDENCE r ~ t l e s .  

Ass~uning that the entry in card  G15-1 was "DETAILu, the cards a r e  a s  follows: 

G15-la 7-80 Ignored. 

Gl5-3a 1-80 8110 L'DISP Module GRlDlV controls. The 
elenleilts of LDISP(I), I---1,2,3. . . 8  
a1-e : 



Cart1 No. C:lrc1 Col. ZQrr-tnat Vnrinblc Cojnmcnt:lry 

6 :  IDENS - m;~xirnurn nu1l11)cs of 
predictccl sensor output f~mctions 
to intcrpolnte bctwccn a iy  two 
o h ~ e ~ v x t i o i ~ s  wlicn using the 
"DENSEE"' option (see card G15-4) 
7,8: Not used 

8E10.5 FDISP Mocl~~le GRIDlV controls. The 
elements of FDISP(I), I=l, 2 , 3 . .  .8 
are: 

I Variable and Comment 

1: DX 
2: DY 
3-8:Notusecl . 

These variables a re  also explained 
on page 11-11, Reference 10. 

8 I10 LDISP S a l e  a s  card G15-3a except that 
LDISP(I), 1=9,10,. . . 16 a r e  loacled. 
These elements have the saine 
significance as  those of card 
G15-3a. 

8E10.5 FDISP San~e  as  card G15-4a except 
that FDISP(I), I=9,10,. . .16 a r e  
loaded. These elements have the 
same significance a s  those of 
card G15-4a. 

NOTE: The reason for there 
being two conlplete se ts  of grid 
control variables is that in 
module GADSTV there aye two 
hitelma1 submoclules \vhich may 
r c q ~ ~ i r e  inclependellt controls. 
The first set  belongs lo submoclulc 
GRAPII1; the second to GPLRI'IIB. 
The f irst  modulc clispli~ys sensors 
separntcly; the scco~~cl s ~ ~ p c ~ i m p o s c s  
a11 sensors on one pict~lre. 

This carcl i s  now optional, but 
nltty be recluiretl in 121e 1~11~1-C\ \ifhen 
non-Euler i :~  methods of pur:i- 
mctrizution a r c  inclutletl in tile 
GADS systcln. Sce Apl)c~~ilix C, 
ltclcrcncc 1, 



Card No. C:lrtl Col. F'orn1:~t V:lrinble Corn111 cntnry 

CAR11 This fie1 d contains PROBLEM 
DEFINITION". 

\i70RIC This ficlcl clctcrnzines tllc type 
of angles used to describe the 
motion. At present, this ficlcl 
may contain only: TIIIS PROB- 
LEM IS DEFINED IN TERMS OF 
EULER ANGLESr1. Strictly 
spealiing, this group G16, 
G16-1, belongs ahead of group G5. 

This optional card i s  used to 
enter user identification used by 
GSFC SC 4020 software. 

CAnD This field coiitains IrUSER 
IDENTIFICATION". 

Ignored. 

USERID See Reference 10, page 11-2. 

Ignored. 

Required. This carcl is used to 
stop the scanning of card images, 
i. e., to halt initialization in 
moclule GADSIN. 

CARD This field contains STOP". 

Ignored. 

Recl~~ircd. This card is used to 
stop the reading of cards from 
the input stremz. Upon 'ending 
this card, illoclule GADSIN rends 
no more pl~ysical cards. 

CARD This ficlcl contains "STOP 
GADS cnnnsl1 . 



3 . 4 . 3  SPECIAL I'Ultl'OSE CONTIt.01~ ChTtJIS 

The Sollowing control cards ]nay : q ~ p c a ~  only in tllc input carcl 

strcam, that is, never ill the array ItUNDEI(. 

CARD CONTENTS AND COXilMENTS 

START GADS CARDS - must always be the first card 
in thc input control stream. 

GADS RUN DECK - ins t i~tc ts  the module GADSIN to 
begin loading cards into the a r ray  RUNDEK until a 
STOP is found. The card images a r e  counted and 
the count is printed. 

PRINT RUN DECK - causes module GADSIN to 
print the carcl images in RUNDEK until a STOP is 
found. 

GADS RUN DECK UPDATE - causes the module 
GADSIN to modify the contents of RUNDEK in a 
manner described in paragraph 2.10. 

STOP UPDATE - causes module GADSIN to terininate 
updating. 

STOP GADS CARDS - causes mod~tle GADSIN to 
terminate reading the li113~tt card stream and proceed 
to s c a m h ~ g  of the array RUNDEIC. Also cattses the 
flag INRSET to be cleared t l ~ ~ t s  signalling that the 
card stream has been eshaustccl. 011 succeeding calls, 
therefore, module GADSIN will proceed directly to 
the scan n~ode. 



SECTION 4 

DIAGNOSTICS 

4.1 INITIALIZATION DIAGNOSTICS 

The ctiagnostics clescribecl below pertain only to the intei-pretation 

of the GADS Run Deck. Hence, these cliagnostics a re  useful in achieving 

self-consistency in a problenz definition, They are  not sufficient, however, 

to insure the success of the differential correction problem since an ill- 

defined least square problem can be self-consistent. In short, these 

diagnostics bear a similar relationship to the attitude probleni as do the 

FORTRAN compiler cliagnostics to a given niatl~ematical problem. 

The diagnostics aid codes a re  shown in the first two colunms, 

respectively. The explanation is given in the third column. The FORTRAN 

statement numbers are  included in the parenthesis to aid in understaiding 

mocl~~le GADSIN. 



Coclc Code Clarification :mtl Stntc~ncnt  Number 

UNT'ltOGIUMMED 
MATERIAL 

CARD STREAM 

UPDATE CARDS 

Difficulty in physical carcl input. 
1 F i r s t  ca rd  shoulcl be START GADS 

CARDS (243). 

RUN DECK 

Difficulty in ~~pc la t e  cards.  
Not used. 

Expecting UPDATE carcl. Not fo~mcl (219). 

Device e r r o r  reading update control card 
(221). 

Hit EOF while reading s a m e  (222). 

Device e r r o r  while reading update (223). 

Hit EOF while reacling s a m e  (224). 

Updates cause RUNDEIC to lse overloaded. 
Solution: increase  the dinlension of sanle 
using PARAMETER NOFC. (225). 

Difficulties loading GADS Run Deck. 

Device e r r o r  reading ca rd  strean1 (244). 

Hit EOF reading c a r d  stream. Missing 
STOP ca rd  (245). 

Device e r r o r  reading the 'ISTART GADS 
CARDS" card only (241). 

Hit EOF while reacling s a n e  (242). 

Device e r r o r  while loacling run decli into 
RUNDEIC (170). 

IIit EOF wllilc loacling RUNDEK (171). 

Too 111 any cards.  Incrcasc the PAIthMETER 
NOCD (148). 

Too mtuly ca rd  images. Ncccl the Srl'OI' 
card in1:lgc (176). 

You a rc  trying to replacc a grouj, of cards  
in :trr:iy RUNDEl<. Tllc control c:lrtl 
image is not founcl (232). 



13i:1gnos tic 

ORDER, CONTROL 
CARD 

Coclc Cla1-ific:1tion :tncl S1:~tcment Number- 

IIj fficulty intcrprc thlg sensor cle finilion 
c:~rcls. 

Implied c1eriv:~tivc with rcspcct to ~u~lcnown 
pt~rameter  (117). 

Unlcnown sensor function typc (821). 

Unlulown sensor calibrating function o r  
operator type (822). 

At least two calibration constants o r  
coefficients (162) shoulcl be available. 

Unknown mounting type (165). 

GADS control out of order. 

CONSTRAINT card should not be placed 
before PARAMETER NAMES (806). 

COMPLEX OF SENSORS should not appear 
before sensors a r e  defined (807). 

Recluest for "false positionu derivative 
shoulcl not appear before COMPLEX OF 
SENSORS (816). 

Attelnpting to change parameter nanles 
too late. Change parameter nanles before 
STOP GADS CARDS (808). 

CONSTRAINT OF MOTION shoulcl not 
appear before PARAMETER NAMES (839). 

A seilsor shoulcl not be clcfinccl before 
system pa rm~~c t c r s ,  i. e. , before PARA- 
h4ETER NAhlES (841). 

PAPdMETElX CALIBRATIONS shoulcl be 
in front of I'ARAMETER NAMlCS (825). 

PAlUMETER h40UNrl'S shoulcl be in Iront 
of system p : ~ r m c t c r s ;  i. c . ,  previous lo 
l ~ ~ ' ~ I i , I I ~ T E l ~  NAMES (826). 

Allcml)ling to pcsfos~n cai-tl operations 
after STOP CAIIS CAILIIS (827). 

Perturlxttions should be tlcfincd prior to re- 
clucst Sol. l>Il~I'1S12EN't'IArt'11: NUAIIISILICALIJY 
(842). 

11-3 



Ilingnos tie Co clc 

MISSPELLING 

1 

ORBITAL SPECS. 

A symbol is missl~cllccl. 

Reclucst ~rn1a-iowi-i parameter ~u-icler a 
COMPLEX OF SENSORS card (801). 

Recluest ~uil<no~vn a~~x i l i n ry  inoclule ~mclcr 
same (815). 

Recl~~est  ~mlno~im differential equations 
under same (838). 

Request unla-iown constraint nlodule 
under same (803). 

Recluest calibration of ~mlinown sensor 
under same (824). 

Reqt~est a calibration constant belonging 
to ~da-iown sensor to be a system para- 
ineter (905). 

Request a calibration constant of a given 
sensor to be an ~da-iown system parameter. 

Same a s  7 for nlounting constant (915). 

Same as  8 for mounting constant (916). 

Attenlpting to rec l~~es t  a special derivative 
moclule for a parameter not fo~u-id under 
PARAhlETER NAMES (156). 

Not used. 

Recl~~est  numerical (false position) derivative 
for a pa ranc te r  not fo~mcl ~uilcler PAIUWIETER 
NAMES, 

Unlmo\~n problem clcfinition (100). 

Not used. 

Unrecogniz:~ble control cnrcl. 



Diagnostic 

DISl'IAY SI'ECS. Trouble with clisplay recluest. 

1 The rcc~ucstcd subject for  thc disl~lny in 
tmlinown (8 09). 

2 Thc recluestcd con~plcs  of sensors to bc 
displayccl has not becn defined (810). 

3 The sensor complex cannot be located 
(811). 

4 The requested level (amount) of display 
is unknown (812). 



4.2 DTAGNOSrrICS FROM T)11~1~13ltl',NTIAL COJtItE;CrrION MODULE 
GADSLS 

To nit1 thc user in clctcrmining the n a t ~ ~ r c  01 diflicultics in 

clilfercntinl correction, the clilfercntial correction executive inocl~~lc CADSLS 

provides the following messages: 

ERROR MAT. INV. 

The matrix inversion lnodule MATINV detects singular normal 

matrix of coefficients. Assuming that nondegenerate functions a r e  being 

calculated, the cause is probably redt~nclant parametrization. See Chapter VI, 

Reference 1. 

NOT CONVERGING 

The given complex of sensors does not converge within the allotted 

number of iterations. Checli convergence cri teria - possibly too stringent. 

See cards G8-1,2,3,4. Other possible causes are:  a)  IQUIT is too small 

(see card G14-I), b) e r ro r  in the coniputation of a partial derivative, c) e r r o r  

in the predicted f~mction calculation, d) mismatch in scaling (calibration) 

between observed and predicted calculations, e)  parameters a r e  not independent, 

and f) initial parameter estimates a r e  poor. 

ACC 0. F. COEFFIC. 

Calculation of noim~al matrix elenients results in acciull~ulator 

overflow. Since the sulnn~atioil is performed in double precision (nioclule 

GADSML), the cause is a faulty prccliction fimction o r  a derivative. 

WORI< AItEA EXCEEDED 

The array COhiIniZ is too small o r  nrgunicnt LOCENI) is not propel-ly 

set. See pnragrr~ph 2. G .  

This to Murcjuardtls x \Vl~en this cluantity i s  very I:~rge, A * 
the pure gr:ldicnt mcthoci is being involccd. LVhen this method c:mlot rctlucc tllc 



squ:ured error, it is ncccss:lxy to :Lssiumc t11:it the squ:tretl error is :tlrcntly 

miilimizcd. 'rhe cnusc may bc thnt tllc p:tr:u~lctc~s a rc  fully ndjustetl :1nd no 

f ~ ~ r t h c ~  iterations arc  rccl~~ired. I-Icncc, this diagnostic is not necessarily a 

cause for alnsnl. Sce Notcs, moclule GADSLS. 

GRADIENT VANLSIIES 

As the previous dicagnostic, this is not a cause for alarm. It 

may arise under similar circumstances when the l l sys t e i~~ l l  has arrived at a 

local ininimun~. 



SECTION 5 

GLOSSARY 

Accessoly, GADS. A moclule is considercd an accessory to GADS 

if  it is not crucial to the executive modules; i. e., if it  is used only at the 

working level. I-Ience, an accessory can be replaced by a "clo module 

if a certain application allows. 

Accuracy. The accuracy of a measurement is a measure of how 

close it is to the llcorrect" value which is always ~mlillown. This is in contrast 

to uprecisionw which is only a measure of the consistency of a result, usually 

stated in standard deviations. Thus the initial estimates of sys tem parameters 

should be as  accurate as possible. In GADS, the degree of accuracy for the 

initial estimate of a system parameter ranges between complete certainty ancl 

conlplete uncertainty. 

Active Parameter. When a system parameter is being adjusted 

by differential correction, it is called an '!active parameter". A systenl para- 

meter can be a mounting constant or a calibration constant. IVllen one of these 

becomes Hactiveu, it m ~ ~ s t  be returned to its respective library in order to 

maintain the library updated. See m o d ~ ~ l e  GADSPT. 

Active Position. The active position of a p a r a n ~ e t e ~  refers to its 

position in the nornial ecjuations. This position is  deternlincd by the orcle~ in 

which para~nctcrs  arc  cleclarccl for differential correction within a scnsor 

complex; i. e. , by tllc ordcr in which parn~netcrs are  c1ecl:ui.ecl 011 card G14-4, 5. 

See Run Decl;. 

Activc Sensor. Like ,an nctivc pnralnctcr, n sensor beconlcs nctivc 

when it is clcclnrccl for p:trticil~ation in :L sensor complex tlurillg t1iffcrenti:ll 

correction. Scc cnrcl (314-2,3, Run Ilccl;. 



This is tllc intcrrn ctliatc coordin:~ te 

system io which ihe niiiiutie :inglcs refer. W~cn  using the Eider ~ l~c i l~ot l  of 

parametrization, thc nttiti~de :mgles a rc  the Eulcr nnglcs. Also scc index, 

IEcfcrcncc 1. 

A~~si l inry R~nction. A function is n~tuiliary in GADS if it nlust 

be computcd as ,an intcri~lcclintc step in order to predict the attitude ,mcl the 

partial clerivatives, mcl if i t  is not clcrivcd from the environmental variables. 

The state vector is an example. See notes, module GADSFC. 

Bacln~p Parameters. During differential correction, a set of 

system parameters is maintained as a bacln~p if the said correction is cliver- 

gent. See note 1, module GADSLS. 

Cascading. Differential correction can be performed in stages, 

each stage dedicated to the refineinent of a uniclue set  of system parameters. 

As iniprovenients of system pararneters accumulate from one stage to the 

next, they are  said to cascade. Cascading is desirable when some parameters 

a re  linown wit11 higher accuracy than others. Thus the latter should be 

corrected first in order to reduce the risk of wayward differential correction. 

Calibration Operator or  Function. Because telemetry fro111 

artifical satellites seldom provides data in engineering units, it must be con- 

verted to these units before resicluals can be computcd. An alternative is 

to convert the theoretical functions into telenietry counts. In GADS, both 

types of conversions are callcd calibrations. Conversion of engineering units 

to t c l c n ~ c t ~ y  counts is ~u~hnl~pily called straight forward calibration; conversion 

of tclcn~ctry counts to cnginccring units is invcrsc calibration. Scc modi~les 

GADCOl and GADC04. 

Ccntrzll Limit Thcorcm. This thcorcm is uscd in moclulc CENOI'IRI, 

Consult :lily compuchci~sivc test on mathcmniicnl statistics, 

Commtmic:~iion by Intcvl)retation. Sever:~l n~otlt~lcs have explicit 

0 L ~ ~ : J ~ .  In tllc cases of worlccr ~~lodulcs,  the nlt~thcl~~atical or p1iysic:ll 



signific:u~cc of' lhc array elci~zonts is  clctcrnlincd by their posilions. 'I'his 

typc of comnltrnicntioa which is c:illccl conlmemic:~tioi by intcrprctation, 11ns 

becn nvoitlcd cntircly in lhc exccutivc moclulcs. IIcncc, the user ncccl not 

be  conccrnecl with thcsc moclulcs whcn :q~plying GADS lo problcms clcfincd in 

tcrlns other than Eulcr angles. Only the worlicr modules need be ui~clcrstoocl 

in such instances. See nioclulcs GADAOI, GADDO1, GADSAL. 

Complex of Sensors. See Usage. 

Cosine Sensor. See notes, module GADFO1. 

Counts, Telemetry. See Telemetry Counts. 

Data Pass. This is, loosely speaking, a collection of clata 

obtained from one spacecraft pass (fly-by) over a given ground station. It 

normally results in continuous time coverage for as  long a s  the spacecraft 

transmits, o r  a s  long as it is within sight of the station. Sonletimes a pass 

is a programmer cycle. 

Derivatives. The clerivatives in GADS a r e  those needed to compute 

the theoretical (or predicted) ra te  of change of the observational variables 

(sensor outp~its) with respect to the system paranieters. Tk ; problem often 

involves interniecliate derivatives. See GADFO1, GADCO1, 'and GADSRl, 

for  example. Sometimes clerivatives must be estimated by n ~ u ~ n e ~ i c a l  methods 

as  in moclule GADSGC. Derivatives can also be computed a s  special closecl- 

form fiuictions (as in GADG26,27,39 ancl 40) o r  they can be obtained by inte- 

gration. In the las t  case, the integration may be a cluadrnture o r  the solution 

to a variational ecluation. Table 2 illustrates the classification of ~ l c~ iva t i vc s  

in GADS. 

Diffcrcntintion. Scc 13erivntives. 

Iliffcrcnti:ltio~~, Numerical. Sce notes, modulc Cf1I)SGC. ltcfcr 

also to mcthod of fiklsc position, r c g u l : ~  fzrlsi, xicl 1Lun Ikcl;, eartls Clrlc, 



13o-Nothi1~g IVIodulc. Tl~is module conlnins only :L return 

esecut:tbic stnicmcnt. 'i'hc pturposc i s  to relinquish core space. In most 

npl>lications, several moclulcs in GADS a r c  inactive aicl can, l.llcrcfore, 

bc replnccd by tlummy do-nothing modulcs. 

Engineering Units. Observed data can bc thought of in tcrms 

of engineering (physical) units such a s  milliocrsteds, gammas, volts, o r  

m i l l i a~npe~es .  The data is nornlally receivecl in terms of telemetry counts 

which a r e  dimensionless. The two a r e  related by a calibration equation o r  

table. Sce Run Decl.;, card G13-8, modules GADC01,4 and Chapter VI, 

Reference 1. 

Environn~cntnl Data. See Orbital Data. 

Environmental Variable. A physical quantity which is a function 

of the spacecraft's position. See Orbital Data. 

Executive. A moclule in GADS is an executive if it is not 

concerned with the context of the problem but merely wit11 the logic of least- 

squares differential correction. 

Explicit I/O Variables. These a r e  variables transmitted via the 

calling sequence. Note Implicit 1/0 Variables. 

Euler Angles. See Reference 1. 

Eulerian Method of Definition o r  Parametrization. This is the 

mcthod of using Euler angles to describe the motion. 

False Positioli h/Icthod. Sce n/lctliocl of F:llse Position. 

Fast Acccss Area. V\rhcn a kcy variable is referenced frccl~~ciitly 

(insiclc the iii,?in data loop), i t  is placed in a fast :tcccss :wen; i. c. ,  i t  is  p1:tcctl 

in namccl coininon where tul index is not ~'cclui~ccl in order to clctcrn~inc its 

loc:ltion, ' l ' l i ~ ~ ~ f o r e ,  L I ~ ~ I C C C S S Z I ~ ~  1o:icling i ~ l c l  restoring of incles rcgistcvs 

c:ul be :ivoiclccl. Sce ri~oclulc GAIISSI'. 



i - t i  Thcse n rc  special Slags used to "~>:~tch" 1:lpscs in 

the tcicn~ctry strcnln. l'hcsc i:tpscs arc caused by :I variety 01 faiiuucs in 

the c o ~ ~ ~ ~ n u n i c n t i o i  tlcviccs ant1 rclatcd ccluil~n~cnt. Flags a r c  used s in~ply  to 

prevent processing of ~~lcrtninglcss tclcmetry. For efficient usc of GADS, 

observed input data should bc cditcd to rcnlove 1:111ses :mcl pncliccl to rcclucc 

the main data loop to a minimum. The progr:un synlbol is FILLFL. Sce 

module GADSDA. 

Fractional Change. The test  for convergence in differential 

correction (see module GADSLS) is a s  follows: let u be the system parameter 

in cluestion and e he the corresponcling convergence criterion. Then conver- 

gence is obtained when: 

Consider the limits: 

Formula (2) yielcls the fractional change in u. Formula (3) is the fractional 

change in u with respcct to 100. * e. 

-5 
Gamma. A unit of nlng'nctic ficlcl. 1 g~m1111a = 10 Oersted. 

G.E. I. Gcocc i~ t~ i c  Equatorial Tncrtial. 

Gcoccntric Equ:\torinl Inertial. A coinil~only used systcln of 

coorclin:~tcs to which orbit :ultl atlituclc can bc rc1:~tccl. 

Cu:ttlicnt. A convc~l~icnt tcl-m lor ])alxtinl t lo~~iv;~lives with rcsl)cct 

to systcln pnramctcrs. 

Cratlicnt Vector. In the notcs of motlulc GAIISl,S, the: gr:~dicnl 

vcctor is thc grntlicnt of tllqscju:~~-ccl e r r o r  fiulction. 



Iclc:11 Prccliction Iz~mction. Thc function giving tllc sensor output 

without :tccounting for m y  sign:ll clcgrncling cffccts c:rusctl hy tllc sensor. Scc 

index, Rcfcrcncc 1. 

Implicit 1/0 Variables. An I/O variable i s  implicit if i t  is  

transmitted through nmicd common. 

Implied Parruneter. The f i rs t  14 fields in card G5-1,2 may be 

bltmlr ,and a r e  assumed to be implied parameters. These a r e  paranleters needccl 

in the Eulerian method of definition. 

Intended System Parameters. Predicted sensor outputs and 

squared e r r o r  functions can be recluestecl via module GADSML for a continuous 

range of system parameters. As explained in the notes of moclule GADSLS 

ancl illustrated ill Figure 7, moclule GADSML is invoked with several unique 

se t s  of system parameters. Each s e t  is termed "intended" whether o r  not it 

is the one leacling to least  squares. The best se t  is not identifiable until 

several  tests a r e  completed. 

Loop, Main Data. See Main Data Loop. 

Main Data Loop. The procecl~~re  of referring to all observation 

times to compute the corresponding predicted f~mctions, scluared error,  etc. , 
is accomplished in the main clata loop. See mocl~~le GADSML. 

Matrix of Coefficients. The i l ~ a t ~ i v  obtained i11 the formulation 

of the least scluares ccl~~ations of condition o r  norinal ecluations. See Chapter 

111, Reference 1. 

Method of Fnlsc Position. A mcthocl of conlputing dcrivativcs 

n ~ ~ m c ~ i c n l l y .  Onc ~ncthotl is tliscussccl in moclulc GADSGC. See Rcfcrcncc 6 .  

Also veEcrrccl to as the "rcgu1:l falsi" mcthod. 

- 3 
Mil l i~c~s t c t l .  10  Ocrstctl. See Ocrslctl. 

Motlifictl Prccliction l~unction. Sc:c intlcx, I'Lcfc?roncc 1. 

Obscrvnblc. 'I'llc output of  some scnsor usc!lLl in attitude. 
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Obse~.v:~tion Time. 'l'hc time of :ul obscrvntion ycfcrrccl to somc 

f i ~ c t l  rcfcrcncc o r  tinlc 01-igin. 

Ocrstccl. A tunit oS nlcasurc for n~ngl~ct ic  fields. 

Orbital Data, Datri relating to thc cnvironmcnt ,mc1 the spacecraft 

ephemeris. Norn~ally consiclcrcd inputs to thc attih~clc problem inclependcnt of 

the observational clata. 

Order of N t ~ m c ~ i c a l  Derivative. Mhen computing a numerical 

clerivative using functional values obtainecl by adding perturbations to the argx- 

ment, the number of p e r t ~ ~ ~ b c c l  values is called the order of the numerical 

derivative. (This is ually the order of the polynon~ial approximation to the 

function a t  the point of interest. ) In GADS, however, the order is the total 

n ~ n ~ l b e r  of pai rs  of perturbed calculations computecl symn~etrically a130~1t the 

desired argument. 

Outlier. Observed clata is an outlier if it results in a resiclual 

exceeding the tolerance defined on card  G14a-1. See Run Decli. 

Pass. See Data Pass ,and Programmer Cycle. 

Par,meter. See System Paranleter. 

Participating Parameter o r  Sensor. A parLmleter or sensor 

active in a givcn sensor complex. 

Precision. Notc Accuracy. 

Prcclictioil Igl~ncion o s  Operator. 'fie f~inction uscd to predict 

the sensor output Stmction. Scc moclil'icd prctliction f~ulction nntl inclcs, 

Rcfcrcncc 1. 

3'1-iinitive Opcr;ttion, Thc wort1 1)rimitivc is inlcrl)vctetl :IS non- 

tliffcrcnti;~tcd o r  before clil'lcrcn tia tioi~, 



Pr.ogr:tnim c'r ('yclc, 'Ibc 11:1rdw:~~c$ on bo:li-(1 :t sl):rcccraft usually 

ilrelucles n j ~ r o g ~ n n ~ m c r  which, when coinmnndecl, cycles the cornmul:~tors n 

given nmnbcr of tiines in the proper sccjucncc in 01-dcr to obtain s:umplcs from 

various instruments. Usually, at  the conclusion of :I. progr:unincr cycle, 

tcleinctry stops :uicl the spacecr:lft waits for  the nest cominnntl. 

Quadrature. Definite integration. Certain varintional ccl~~ations 

ccan son~ct imcs  be cxl~ressed a s  cpadratures. In the force-free case, the 

precession 'angle c:m be expressed as  a cluaclraturc. See moclulcs GADAOl 'and 

GADSSS. 

Quasi-Taylor. The normal equations eniployed in module GADSLS 

a r e  a modification of the Taylor method of differential correction. Therefore, 

resulting quantities a r e  called Quasi-Taylor. 

Raw Data. See Observation. 

Raw Mounting Constants. Constants (entered on carcls G13a-7) 

which define the orientation of a sensor. They a r e  not necessarily direction 

cosines but a r e  always the cluantities which the use r  woulcl designate for  

differential correction if it is desirable to adjust the orientation of a sensor 

by that method. Hence, these a r e  inclependent cl~l'mtities. For an ex,ample, see  

mocl~~le  GADSRl. 

Raw Calibration Const,mts. The co i~s t~mts  (enterecl on cards G13a-8) 

which clefinc the sensor calibration f~~nction.  Like the r a w  mounting constants, 

they a r e  not nccessarily the clu,mtitics used during the processing but a r c  those 

which the use r  cfm tlesigilatc for cliffercnti:tl correction. They a r c  the indepcn- 

dent se t  of constcults from which the sensor's calibrating f~~nc t ion  i s  constructccl. 

Such a li~nction is d i s c ~ ~ s s e d  ill i-notlules CAIICOl :ulcl GADCO4. 

Itcguln I*'nlsi. 1':llsc position. Scc Mcthotl of I'itlsc 130sition. 

llefining SPstcn~ l ' : t~:~mctcrs.  'l'hc 1)voccss of ilnj~roving tllc 

pnr:tnit~tc~'s by mc:ins of :L correction l)~~occtlitrc such a s  1o:lst-sclt~:~rcs tliffcvcn- 



Snmplc 'l'in~c, The time coordinntc c~r~csponcl ing lo a givcn 

obscrvntion. 

Sensitive Axis. Most sensors  c,m bc thought of as  having a 

sensitive &xis. For cxnn~ple, the scnsitivc axis of a solar c1,mlage cell is the 

norrnal to the cell. 

Sensor Complex. See the definition of a sensor complex in 

Section 3. 

Sensor Function Type, The sensor output function classification. 

For  exazzple, a cosine sensor is discussed in mocl~~le GADFOI. 

Sensor Library. A named COMMON area  containing the permanent 

sensor-related information. To access a given sensor-related quantity, the 

sensor n ~ ~ m b e r  o r  pointer is r e q ~ ~ i r e d .  See moclule GADSSR. 

Sensor Operand. The environmental phenomenon (such a s  solar 

radiation o r  geonzagnetism) upon which the sensing instrument acts to generate 

its o~ tpu t .  The sensor operand may require some special calculations. See 

page 82, Reference 1. 

Standard Derivative. The derivatives of the ideal attitude nzatrix 

with respect to right ascension, cleclination :md the Euler angles, o r  whatever 

angles a r e  cnzployccl to clefine the attitude. (Hence, these stmclarcl derivatives 

a r e  analogous to the derivatives of the observations azimuth, . . . with 

respect to orbital position. ) They a r e  sttmclarcl bccausc of the simplicity of 

g c i ~ c ~ a t i o n  and application, They do not involve the chain rule of cliffcrcnti:~tion 

ancl oStcn sufficc Sor the nttitutlc <lctcrmination problcm. 

Stntc Vnri:lblc. Scc pngc 36, RcScrcncc 1. Itcfcr lo moclcra 

tliscussions on orbit t1ctermin:~tion :uncl optii~liz:ition tccluzicjucs. 

System P;ir:~mct crs .  Coils tants wllicll dcl'inr ;L sys tcn.1, 'lhcy m:1y 

1x2 ini1i:ul con(liti01ls to thc ~cji~:ltions 01' motion, c:ll il)r:\tion t ~ ~ l z s  tan1 s ,  mounting 



cons t :uits, plinsc :rnglcs, frccl~~cncies, ctc, Althor\gh p:~v:tmctcrs arc 

eonstanls, they mxy 132 i.c!'inccl by cliffcventi:~l co;.vection, 

Taylor Mctl~od. Scc Itcference 1. 

Taylor Method, Quasi. See notes, moclulc CADSLS. Scc also 

Quasi- Taylor. 

Telemetry Counts. Thc information telemeterccl from ,an 

artificial satellite to a ground station is usually scalecl. This means that it 

has been trmsformecl to telemetry units o r  counts from engineering units. 

Time Origin. The reference time to which all observation 

sample times a r e  referenced during a pass through GADS. It is the double 

precisioil t ime of year, TFIXED. See inoclule GADSLS and 

Time Base. Time Origin. 

Variational Ecluations. Let X represent the state of a system. 

(For example, in orbit determination, X = x, y, z, x, y, z}. ) This so-called 

state variable satisfies the differential equations of motion, namely: 

. 
x = F (X, U, t), 

where F is a vector fwlction of X, the time t, and U (the array of system 

parameters. That is, U = ul, u2,. . .on} . 
Consiclcr the expression: 

This cxprcssion is am cs:u11plc of a v:wintionnl cqunlion. V:~riationnl ccluntions 

can 1x3 intcgrnlcd to yield the p:~rlial c1criv:itivcs ncctlcd in ~l i f fc~cnt in l  

correction. 

\Vcighting 2::1cto1.s ancl l~~tnctions.  ItcSer to p:rgcs 13 :tnd 14, 

IteScrc~nc~c~ 1, M/cj$;hting k ~ c t o ~ s  a r e  :~pplietl :tutonla tic:~lly in the GADS sys  t c~n .  

'l'his f:lctor is c n t c ~ r t l  on cal-tl (;]:I-!) :inti c:ul bc sut~orc1in:~tcd to :I weighting 

fttnclion if rccjucstctl 011 cards C;14-2, 3. Weighting Eunctiotls ;rlbc colnputccl in 

n~ot l~l lcs  oi' thc tyltc? (;Al>WOl. 
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SECTION G 

NEW APX'LICATIONS 

INTItODU CTION 

An inlportant objective of GADS is to provicle a convenient tool 

for  handling new and uncxpectcd attitude determination problems. To meet 

this objective, GADS was designed s o  that the executive superstr~tcture is 

concerned only with the me~h~miza t ion  of least squares differential correction. 

Conversely, worker modules a r e  concerned only with tlze specifics of a given 

application. To apply GADS to a novel problem, the user  need only be con- 

cerned with the worlier modules. Furthermore, he should not take it a s  a 

foregone coizclusion that he will need to add worlier modules at  the drop of a 

new sensor. Most sensors a r e  based on a few simple ideas alcl a new sensor 

does not necessarily imply a new type of output function. Note, for example, 

that the salne mocl~tle, GADFOI, serves most of the sensors involved in the 

EPE-D and ISIS-A al~plications. Note also that module GADF02, which 

handles the problem of shadowing, is a minor inoclification of GADFO1. When 
I 

the user  determines the need foY a new worlier module, he should consider 

whether a minor mocli-fication of au existing mocl~tle will be acceptable. The 

following paragrald~s have been included to aid the user in moclifying the GADS 

capabilities. 

6.2 DIVISION OF MJORl< 

'I'o simplify the l~~olrtlcm of iclcntiljring the desirccl worlccr moclulcs, 

they arc tliscussccl below from the point of view of their purpose. In the 

Sollowing tliscussion the ch:wactcrs XX will mc:111 01, 02, 03, ctc. The tliscuss- 

ion I~cgilis :it the lowest worl;ing levcl, 



6.2.1 MOIjULES GAIIAXX AND GADDXS 

These motlulcs calculate :xusili:~ry f~~nctions.  A typical at~xilinry 

f~uzction i s  the stntc vector. That is ,  thcsc motlulcs opcratc 011 tlic system 

paranictcrs to ol>tnin thc intcrmc\cliate rcsults which clcfinc thc systcnl state 

(e. g. , thc attit~~clc) as  n function of tinic. Tl~csc  modules are dcl3cndent on 

thc para~netrization since tlzcy assume a clcfinite s e t  of input arg~uncnts. In 

so fa r  a s  the parameters of the motion rrre concerned, GADS is, at this writing, 

prcparcd only for problems clefined in tcrnzs of Eulcr angles. See par,agraph 6.3.2. 

6.2.2 MODULE GADSAL 

Using the state vector, this nzoclule calculates the attitude matrix 

and its siinple derivatives. The existing module GADSAL will require mocli- 

fication when handling problems not defined in terms of Euler angles. 

6.2.3 MODULE GADSSO 

This module prepares the sensor operand. The user  should 

insure that this nzodt~le calc~tlates the arguments derived from the environment; 

i. e. , froizi indepenclent information. A typical sensor operand is the geoniagnetic 

field in the vicinity of the spacecraft, for exainple. These results a r e  used by 

the nioch~les discussed lselow in paragraph 6.2.4. 

6.2.4 MODULES GADFXX AND GADGXX 

T11ese ~~loclulcs conlbine thc results Ironz GADSSO 'md GADSAL to 

obtain f,  the ideal sensor prediction function and its derivatives with mspect  

to t11e systenz parameters. Ideally, nzodule GADFXX shoulcl be prograllzined 

to computc I: and a11 of its dcrivativcs, niIodule GADGXX can also bc used to 

computc pccu1i:tr dcrivativcs. Notc also tlmt tlcrivativcs with rcspcct to cali- 

bration constanl s :we hnntllctl by motlulcs C; AIICXX. 

l'lzcsc niotlulcs tr:ulslorni the j tlc\nl sensor output com~~utccl in 

GADIPXX to acaoiult 101- non-idcal cflcc ts, such a s  non-1inc;~l.j t j ~ ,  I_ti;is, ctc. They 

shoulcl :ilso I)(; :~l>lc to c!orn])utc the v:l~.ious tlc~.iv:itivcs th:kt may bc ncctlccl. 

6- 2 



Modulc GAIISIN intcrprcts thc siml)lc English-like stalen?cnts in 

thc GADS Run Dccli. \Vllen the user nclcls ncw workcr modulcs o r  malrcs 

program in~p~.ovcl~?enls, hc nlny :~voitl motlifyiilg GADSIN if  thc fttll cnl~abilitics 

of the Run Dcclc a r e  used; i. c., if  all 111oclu1~ n ~ l m b c ~ s  a rc  stntccl csplicitly. 

An alternative mctllocl i s  to incorporate new control codes in GADSIN so that 

i t  can perform inore of the clerical work. 

Expzmcling the scope of GADSIN is simplified since no calculations 

a r e  involved. Because this niodule is a translator, i ts  main function i s  to per- 

form a series of table-look-ups. Therefore, the probleni of expanding the 

capabilities is t l~a t  of eqsulding the tables (increasing the vocabulatory). The 

purpose of t l ~ i s  discussion is to describe the liey tables (arrays) which the user 

may wish to expand. A table may have two parts: a table of coniparancls and 

the corresponding octal codes o r  GADS synonjrnis. The colnparands a re  the 

Englisli-like codes wl~ich constitute the vocabulatory and which the user wishes 

to be recognized by GADS. Sometimes the synonym is simply the worlr 

nuniber o r  position so that the second part  of the table is  obviated. 

6.3.1 SENSOR-RELATED ARRAYS 

First, consider those arrays  related to sensors: output ,mcl 

calibration fi~nctions, oper,mcls, 'mc1 mounting constants . 
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Module GAlllSIN c:11 bc nlotlifictl Lo h:u~cllc other j~:~r:unctrizntions 

besides the Eulcrinn ~ncthocl. 'i'hc inll)ort:u~t :wrnys a r c  PCOIIISS (32, NI-'lIEFI\?) 

and NPCODE (6, NI'DI3FM). The v:lrjable NI'DEITM is a FOIZTRAN PARAMErl'EIt. 

Its purpose is to clctcrmine tllc diincnsionality of thcsc nrrays Lm~l to limit 

certain "DOH loops within the inoclule GADSIN. The value of NPDEFM (number 

of parametrization definitions, n ~ a i n ~ u m )  shoulcl ecjual the total number of 

parzunetrizations which moclule GADSIN is programmed to interpret. 

Tlie key arrays  are clescribccl in the following table. It should 

become evident, though perhaps not too c~~~iclr ly,  how the user  c a i  incorl~orate 

his own parameters. First ,  the parameter names should be loacled into 

PCODES (I, 2), I=l, 2,3, . . . A third parameter se t  coulcl be loacled into PCODES 

(I, 3), etc. The nonstanclarcl clerivative codes shoulcl be entered into the corres- 

ponding cells of NPCODE, noting that for standard derivatives I<K = 00. Non- 

standard derivatives a r e  computccl hy modules of the type GADGXX; XX = 31, 

328,.. . . 508 When differentiation with respect to a parameter is to be computed 

only by the metl~od of false position, I<I< should be greater  than 30 in order to 
8 

avoid a cliagnostic. This statement applies to all parameters for which derivative 

functions are not p r o g r ~ ~ ~ m e c l .  For  an example, see  the par'meters discussed 

in the following table beginning wit11 AAA. 
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Determination", NASA contractor report WD-9758-21-2, June 17, 1968. 
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Netvton I)iffcrcnti:~l Clori-ection 1Voccclu1-c 
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N S  - No. of Sennnrs 
J 1 ,  N S  

Do loop NT - No. of Obser\.alions 
I -  1 ,  ST 

Logic Tests (i 

Irqu:ttioti I I . S , T {  Ideal I'rediction Function 

I;"gure 2. h/ lcel~:~niz :~t io l~ ol' Coml,utntions - 1 



p;] 
NU - No. of Par:lmetcrs 
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RAW DATA OBSERVATION TlME 
LOCATE ( I  ) 

RAW DATA 
SENSOR N.1 

LOCATE ( 2 )  

RAW DATA 
SENSOR N.2 

LOCATE (3) 

RAW DATA 
SENSOR N.3 

LOCATE (4)  

RAW DATA 
SENSOR N.4 

LOCATE ( 5 )  

RAW DATA 
SENSOR N.5 

LENGTH (I) 

LENGTH (2) 

LENGTH ( 3 )  

LENGTH (4 )  

LENGTH (5) 

LOCATE ( I )+  JTIME 

LOCATE (2) +. JTIME 

LOCATE (3)+ J TlME 

LOCATE (5) + JTIME 

Figure 5. L,oc;~tion of 1i:tw L)aln nnd S:~nrplc Tiil~es in A r r a y  COMh1, 
Scc Lls;igc anti ivloclulcs GADSLS, GAI)S/ISISA. 



START 0 
INITIAL STEPS 

REDUCTION : 
EDIT,SYNCHRONIZE, 

TIME CORRECT, 
CALIBRATE 

CALL GADS a 
DISPLAY TAPE 
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MODULE ACT ION COMMENTS - U , U I ,  U2  INITlALIZATIO!J ORLY 

UCUTS-UCUTS I 

EPS-EPS I 

USREL-USRELI 

U- UTEMP 

I USING UTEMP, COMPUTE RESIDUALS AND 

{NORMALIZE c o E F F l c l E N T s  

I COMPUTE MARQUARDT'S 6 , NAMELY DV, AND CORRECT : 

U I  = U I - DV ; STEEPEST DESCENT, 

U2  = U 2 - D V ;  TAYLOR METHOD 

UI-UTEMP ; STEEPEST DESCENT, 

U2-UTEMP; TAYLOR METHOD 

{ 
USING UTEMP AGAIN, COMPUTE RESIDUALS AND o, 

DO ONE OF THE FOLLOWING: 

U - =- U IEMP;  RESTORE SYSTEM 

U I - UIEMP ; ADVANCE USING STEEPEST DESCENT 

U 2  - U I E M P ;  ADVANCE USING QUASI - TAYLOR VECTOR 



DISREGARDING 
TAGGED OUTLYERS, 
F I T  RAW DATA AND 

DETERMINE o 

TAG OUTLYERS 
!=NUMBER OF 

OUTLYERS 

T R I A L :  NTRIE 



L K- -- I LENGTH (MS) . I 

I LOCT I 1 
OBSERVATION T I M E S  

I LOCFI I LOCDI  1 LOCG I I 
PREDICTED RESIDUALS DERIVATIVES 
FUNCTIONS 

I LOCHFI I LOCHG l I 
CONSTRAINTS 

I LOCY I 1 LOCYNR 1 LOCVl  I I LOCNOR I LOCWRK I 1 
UNNORMALIZED g I 2 NORMALIZ ING WORK 
GRADIENT 

STEEPEST TAYLOR 
FACTORS SPACE 

DESCENT METHOD 

SAME AS ABOVE FOR F I R S T  I T E R A T I O N  

Figure 10. 1,:lyout of Array  COMM 
(Shoct I of 2 )  



MATRIX OF NORMALIZED A ( A + X I  1) w V) ( A  f X21 ) V) w 
COEFFICIENTS z z 

A STEEPEST DESCENT 0 TAYLOR SOLUTION 0 

SAME AS ABOVE FOR FIRST ITERATION 

I LOCFLG I 
FLAG BITS USED IN OUT 

LDEQF I LDEQG I LDEQP LDEQE 1 LDEQZ 

INTEGRATION OF DIFFERENTIAL EQUATIONS 

LAUXG 

STATE VECTORS AND AUXILIARY 

LTOl LY 
TOlL  AREA Y 

I LTOILA 

TOlL AREA A 

1l'igur.c 10. 1,ayout of Arr :~y COMM 
(Shcct 2 of 2) 

8-12 



1:igusc 11. I%;lngcs T o r  V;tri:~blcs NONCE 

8-13 



I .  C A L L  STHRDS (LINKF, NCF, i, 3 ) 

DO 2 i = l , a  
2. CALL LTHRDS (NCF, L ~ N K F ,  i ,  3 ) 

F i g u r e  12. I l l u s t r a t i o n  of 13WIIAND 
Loat l ing :ind Un1o:~tling ILink:tgcs, 
See M o d i ~ l c  I~WI1AND. 



13s oolu 

F i g  3 -  Partial \IJol-tl C:lp:lbilily of UNIVAC 1108. 
Scc Mot l \~ le  1"tVIIANI) nrltl 1,OGCAL. 



14 NO TRANSFER 

17igulsc 13-b. 1'ar.ti:~l \Ifoscl Capability of 'CJNIVAC 1108. 
Sce I\/lot?ulc l'\\JIIANII : ~ n d  LOGCAT,. 



NORTH 

Y A R I E S  

T;'igu13c 14,  The Vcrnn l  1Scluinox Systcrn aild 
thc Local North-lCz~st-130~n System. 
See Motiulc I,OCAI,l. 



I I Calc8u1:ttion of Shadow Angle. 
Scc hllodulc (;A lXSO/EI'I~;l). 



Figure  16. n4otmling 01- Gconletric Constants fo r  
n Fixed C:trtesi:ln Line-of-Sight Sensor .  
Soe R4oclules GATISIII, SENSOII. 





NORTH 

EQUATOR 

Figure 18. Longik~tle of Sun Referred to 
Mean lCcluinos. 
S<:c Rilotlirle GADSSE , 
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Type o l  I /O Action 

Moclulc Name P r in t e r  Cards  T a m  Dr-urn Comment  

GADA 01 A A Drum used f o r  auxiliary 
storage. 

GADS/EPED N N N N Executive for  EPE-D. 

GA DS /ISIS N Executive fo r  ISIS-A 

GA DSA 0 A N N General  purpose advance 
orbi t  file. 

GADSAT A Attitude Generator 

GADSDP N Diagnostic P r in t  

GADSFC A Function Chain 

Initialization 

GA OS LS N Leas t  Squares  

GADSSS N 

GADSST N 

N Simulation of spacecraf t  
and orbit. 
Statist ics 

IOHA ND A N N N General  purpose I/O. 

Tnblc 1. Tnblc of I/O Action 



Derivative 
J<GTYl'F: JDERIV Computed C o m ~ ~ ~ e n t  

1 a,/ a a Derivatives of ideal attitude matrix 
2 with respect to right ascension, 
3 a @ / a V  declination, and Euler angles. 
4 a & /  a 6 
5 a e /  a +  

1 a  s  / a a  Derivatives of sensor operand 
2 a  s / a 6  with respect to same. 
3 a  s / a ~  
4 a s / a e  
5 a  s / a #  

1 a x /  a @  Derivatives of geometric 
2 a x /  a 0  operator with respect to 
3 a x /  a .  raw mounting constants. 

1 a $/ a Cl Derivatives of calibration operator 
2 a 91  a  C2 with respect to raw calibration 
3 a  01 a C3 constants. 
4 a  g/ a C4 

Special cases such as complicated 
analytical partials, variational 
partials, and quadratures . 

Table 2. Tnhlc of Derivative Typcs 



P r o g r a m  Incremented 
Var iab  Le by Module Cornlnent o r  Reason 

MCA1,IS (1) 

MCALLS (2) 

MCALLS (3) 

MCA LLS (4) 

MCALLS (5) 

MCALLS (6) 

MCALLS (7) 

MCALLS (8) 

GADS LS Inhibits  repe1;ition of diagnostics.  

GADSTV Z e r o  c a u s e s  initialization. 

GADSSE Z e r o  c a u s e s  initialization. 

Free. 

F r e e .  

Free 

GADSAO 

GRIDlV 

Z e r o  c a u s e s  init ial ization of 
FASTRAXD file. 

Nonzero c a u s e s  printing of a 
plot  f r a m e .  





Modulc GADAOl. (Auxiliary ft~nction 01) 

1.0 Calling Sequence: CALL GADAO1 (F, X). 

Category: FORTRAN subroutine, GADS wo rlier. 

3.0 Purpose: To compute the Euler angles as  a function of time 

for a rigid force-free spacecraft which may be balcmced o r  

nonbalanced and which nlay be spinning, precessing, o r  

tum bling . 
Variables: 

E x ~ l i c i t  h ~ u t s  : 

x(32) Array of intended system parameters. They may be 

perturbed o r  unperturbed, true (back-up) o r  trial 

solutions, o r  Taylor o r  gradient solutions. Refer 

to Note 1, module GADSLS for a fuller explanation 

of these expressions. Note that this variable is an 

example of communication by interpretation. See 

variable PRODEF, module GADSIN. If a non- Eulerian 

method of definition is used, a module of this type, 

namely GADAON, N = 2, 4, 5, 6, 7, o r  8 may be used. 

Consult variable AUXNAM, GADSIN. 

4.2 Explicit Outputs : 

F(8) Array of output auxiliary f~~nctions.  This n ~ o c l ~ ~ l e  com- 

putes the five Euler angles a, b, Q, 0, and $, 

in that order. Observe that it is  the rcsponsibilitj7 

of each i~-roclule of the type GADAO1 to store its outp.~t 

variables beginning with the LAUX I 1 cell of F. The 

variable LAUX is  tliscussctl in GADSAC, GAIISDC, 

ant1 GADS1:C. It may become neccssnvy, after this 

writing, to incrc:tsc the dimension 8 to son-re larger 

value. 

A- 1 



N, Be This array c:u~ bc thought of as  the state 

variable in the GADS system. 

Intcr~nctliate Vari:~bles and Implicit I/O V:triables: 

A Input. Fi rs t  principal n~oixcnt of inertia. 

AAA Same as A. 

ALPHA Input. Right ascension (radians) of the auxiliary 

reference. As explainecl in Reference 1, Section 11. I(, 

the angular inomentum is generally used to define 

the auxiliary reference frame. 

AOUTI Hollerith commentary for printing. 

AOUTS Hollerith commentary for printing. 

B hput. Second principal moment of inertia. 

BBB Same a s  B. 

C Input. Third principal nlonient of inertia. 

CCC Sanie a s  C. 

CONS Constant usecl with chCange of elliptic modulus. See Note 4. 

DELT Input. Step s ize  for Sinipson integration. This variable 

shoulcl be chosen with care. Refer to Note 4. 

DELTA Input. Declination of the auxiliary reference. 

See ALPHA. 

DPSDOT a $)/a 0. Sec ecjuntion V. 25n, Refercilcc 1. 

ERRMES IIollcrilh comllzentary. This inessagc inay occasionally 

be printctl when a tr:msforinntion of elliptic inoclulus is  

necessary. Soe Nolo 4. 

,JMAX lZOI3,TltAN p : ~ ~ n m e t e ~ .  First  cliincnsion of :lvrays 

PIIIS, WOItK , WOlt1Sl"l' 



ICMAX FORTItAN p:lr:tineter. Second climcnsion of :Lrrays 

PIIIS, WORIC, WORICT, XSAVIC. This parameter  

should bc s e t  to NCUTt 1 whcrc NCUT is the largest  

number of f a l s c  position c:ilculations cspected. 

LAUX Input. Scc moclulcs GADSFC, GADSAF, GADSDC. 

This counter indicates the nuinber of occ~~piecl  ce l l s  

in  the output a r r a y  F. See Outp~tt  Variables. 

MCUT Input. See GADSFC. MCUT i s  the co~tn te r  for  

per turbed o r  fa l se  posit ion calculations i n  the method 

of fa lse  position. 

MOTION Input. Type of motion: 

MOTION = 1: s imple  spin motion 

MOTION = 2: Euler ian precessioll  

MOTION = 3: genera l  non-balanced force-free 
motion. See Section VI. F, 
Reference 1, 

NAUX Input. Total number of auxiliary functions conlputed 

in all nlodules of the type GADAOl. 

NAUXDI Input. This  a r r a y  shows the nunlber of output f ~ ~ n c t i o n s  

generated by each rnoclule of this type. Thus, 

0 
NAUXDI(1) = n- f~inct ions generateel by GADAOl 

0 
NAUXDI(2) - n- f~tnctions gcneratccl by GADAO2 

0 
NAUXDI(3) = n- f~tnct ions gcneratccl by GADA03 ctc.  

Sec motlulc GADSDA ,and Run Dcclc, carcls C11 :md 

G1411. 

NCUT Input. Total n u n ~ b c ~  of fnlse position cnlcul:~tions. 

TIIUS , 0 - < fi/lCUrI' - < NCU'I', 



NONCE1 

NONCE2 

NONCE3 

NONCE4 

NGOTO 

NWSAVE 

Input. Sce Figure 11. 

Input. Scc I7igurc 1 1. 

Lnput. See Figure 11. 

Input. See Figure 11. 

NGOTO = 1: normal 

NGOTO = 2: a transformation of elliptic 

modulus has occurrecl. 

FORTRAN parameter.  The number of constants 

of the motion to be stored in a r ray  XSAVE, 

OBLATE (A-C)/C. 

PHI Output. F i r s t  Euler angle, @. 

PHIACC T l ~ e  accumulated value of PHI using Simpson 

integration. 

PHIDOT Output. $ .  

PHI0 Input. (P a t  time = 0. 

PHIS(1, CUT4-1) The array of PHI values. This table is generated 

by means of Simpson integration and referenced 

later  via linear interpolation. The u s e r  may, if 

he wishes, increase the step s ize  DELT ancl aclopt 

nonlinear interpolation for savings in core space 

ancl time. 

See also J M U  ancl Note 3. 

I'OINST 

PSI 

I3SlDOT 

PSI0 

Invcrse of TSNIOP. 

Output. 'l'hircl Eulcr angle cP. 

Input. d!  at t i n ~ c  0. 



RPD 

T 

TEMP 

THETA 

TIME 

TLOWER 

TORIGN 

TSNIOP 

USPECL 

Time, temporary parml  ctc?r. 

Array of te~nporary storage for const:u~ts of the 

motion. 

Input ,mcl output. Second Euler angle, 0. 

Input. Time for which attitude recluired 

(milliseconds since time origin). 

Refer to Note 3. 

Input. Origin of time for current attitude calcula- 

tions. See Input Variables GADSLS. 

A constant of the motion, MOTION = 2. 

Input and output. Temporary storage for useful 

quantities. The main purpose of this array is  to 

comnlunicate key variables to other programs. 

Note, for example, that i t  translliits TSNIOP, 

DPSDOT to modules GADG26 and GADG27. The 

user may similarly wish to tr,msmit ltey variables 

to additional moclules of his own when adding a 

n~oclule of the type GADDOl :md GADAO1. Note 

that only progralns of this type may store data 

in USPECL. 

WORI<(I, XiICUT I 1) Array of intcgrancls for SIMP2. 

WORI<'L'(I, n4CUTi 1) Arr:~y of s a i~ l l~ l c  tiilles for snmc. This array will 

be clclctecl in the ncar future. 

XSAVE(1, MCUr1'1 1) Stosngc sp:ice for constants ol' thc motion \vhich 

should not bc rccom~3i~tctl csccpt ol-tcc pcr t1iffc:rcn- 

tin1 correction iteration. See Note 2a. 



ZALI'IIA 

ZAP 

ZARG 

ZBETA 

z BQ 

ZCR 

ZG 

ZGAMMA 

ZGSQ 

Z INTGR 

Z P  

ZPO 

ZQ 

ZQO 

ZR 

ZRO 

Z SIGMA 

ZT 

Scc ccluation 61.8, Refercncc 4. 

Sce ccju:ktion G2.1, Refcrencc 4. 

Argument of the clliptic functions. 

See cc1u:ttion 61.4, Reference 4. 

See ccluation 62.1, Rcfercnce 4. 

See equation 62.1, Reference 4. 

Square root of ZGSQ. 

See ecluation 61.8, Reference 4. 

See equation 60.5, Reference 4. 

Temporary location for the quantity $/G, the 

integrand of SIMP2. 

Modulus of the elliptic f~inctions. See equation 

61.6, Reference 4. 

The x-component of the angular velocity. 

The initial value of ZP. 

The y-component of the cmgular velocity. 

The initial value of ZG. 

The z-component of the angular vclocity. 

The initial vnluc of ZR. 

See ccl~~ation 61. G ,  licfercncc 4. 

Kinetic energy of rotation. SCC e~~u;ttion GO. 2, 

llefcrcncc 4. 

to 'i'iinc (millisccontls) whcn thc :mgulnr velocity 

lies in the x, z-p1:lnc. llcfcv to Scction 15. l b ,  

Refcrcncc 1. 



Notes : 

Eauations of A4otion: 

As stated in Section VI. F, Reference 1, there a r e  three distinct 

types of n~otion in the force-free case: simple spin, Eulerian 

precession, nnd general o r  non-ba1,mced motion. (The type 

of motion is determined by the user. See R L I ~  Deck, card G14a. ) 

The equations needed for ca lc~~lat ing the Euler angles in these 

three cases are given by Sections IV. 4 and IV. 6, Reference 1. 

Special Progrcu~ming Problems: 

(a) Constants of the Motion. Constants of the motion need 

only be con~puted once for each iteration of the differential 

correction loop. The variable NONCE2 is referenced for this 

purpose. See Figure 11. In computing derivatives by the method 

of "false position", however, i t  may 1se necessary to evaluate 

these constants several times. Consequently, the results in the 

ar ray XSAVE(1, MCUT+l) are saved for quick reference, The 

variable MCUT is explained in lnoclule GADSFC. 

(b) Efficiency. Because the observations from the various 

sensors usually cover similar intervals of time (sanlplecl by a 

commutator), i t  i s  clesirable, at the expense of considerable core 

storage, to save the n ~ o s  t time-consuming calculations, namely 

the cp calculations. (They arc obtainecl by means of a Sinlpson 

integration. ) A l:ll~lc of cp values a r c  storecl in array PIIIS(1, h l C U T -  1) 

whcrc AilCUT has tho sanlc significru~ce as in module GADSFC. 

Likewise, the intcgr:lncI values for  this integration arc storctl ill 

a 1 ~ : ~ y  MlOI3.1<(1, hiICUrr i 1). Sllo~~ld these tables be csh: l~~s  led, their 

contcnts are reco~*cictl in :iusili:wy stor:ige :wens Sor ~)ossiblc 

I-ccall. 7'0 :tvoitl I/O ;~ction, it is ncccss;lqr that tllc s izc of thckse 



arrays  i s  deterlninccl to 1~e  ndequ:~le. Rc l ' c~  to FOltTRAN p:lrn- 

meter JMAX. Actequacy of size i s  guas,mtced if  the quantity. 

JMAX*DJ<T,T is larger than thc lnrgcsl expected TIME in milli- 

seconds, See intermecliatc variable JMAX. The variable DELT 

i s  discussecl later. 

PHI Calculations: 

In the non-balanced case, the calculation of PI11 involves ecluntion 

IV.4f, Reference 1. This is done with the help of module SIMP2, 

an integrator basecl on Simnpson7s rule. 

In order to apply this methocl, a table of integrands i s  prepared 

in array WORK. This table has a constant step size, namely 

DELT, and is generated only as far  a s  necessary. That is, if 

TIME is the time for  which a PHI value i s  required and J denotes 

the number of elements already stored in WORK, then 

TIME > JX<DELT causes the table to be extended, Otherwise, the 

value of PHI is simply obtained by interpolation. 

If DELT is too small o r  too large, a loss of accuracy results in 

module SIMP2. In the former case, moreover, the tables a r e  

cluiclily esha~~stecl.  Hence, DELT nlust be chosen with care. 

The proper choice c a i  be niacle with knowledge of the approximate 

size of the period of the intcgrancl, 4. In this program, this 

period, ZPIIIP, is computed froni the lorinula 4. 27, Refcbrence 5. 

The forinula provides :ul al~prosimntc value for the precessionnl 

rate up = 4. Hence, the pcriod is : 

Gomp~lting n time step size corrcsponcling to I/'ZS'SEPS of a ~~cs io t l :  



For cxnmplc, i f  ZSTEPS - 12O., then DELrl' corrcsponcls to :jO 

of prcccssionnl rotation. 

Note that thc :tpproxiniatc formula, tnlicn from Iicfcrencc 5, 

breaks clown as  ZI( approaches 1. This corresponds to the 

situation where the nngulnr velocity vector strays far from the 

largest  or smallest principal bocly 'axes. That is, this corres- 

ponds to dynamical instability anel calls for special hanclling. 

For example, the equations of motion could be integrated using 

module GADDO1. 

TLOWER, normally zero, is the lower limit of integration. When 

the WORK area has been exhausted, the lower limit of integration 

is replaced by the last upper limit. 

Change of Elliptic Modulus : 

Because the moclules CN, SN, and DN, which compute the elliptic 

f~mctions, assume that the moclulus 1; of the said functions is in 

the range [0, 1.01, i t  may be necessary to use the following formulas: 

SN (s, I;) = k SN (sk, l/k), (1) 

DN (s,Ir) = CN (sli, l / l i ) ,  (2) 

CN (s,k) = DN (sk, l /k) ,  (3) 

Refer to paragraph 16.11, Reference 3. Note that, in this 

reference, m and u a r c  the same ns 1i2 and s, respectively. 

Wl ie t l~e~  o r  not the moclulus li (see interlxeclinte variable ZIi) is in 

the range [0, 1.01 depends on: 1) whether or not the square of the 

magnitutlc of thc angular momentum, ZG, is  lcss than o r  greater  

th,m the cju~uitity 2. 0 -1: Z T  .+. B which i s  twice the I<inctic energy 

of rotation multiplied by tllc intcrn?ctli:i tc moment of inertia, ant1 

2) whether A < 13 < C 01. A > G > C. 



Motltile GADCO1. (@:~libs:~tioii, type 1) 

1.0 Calling Secl~~encc: CALL GADCO1. 

2.0 Category: FORTRAN subi.outinc, GADS worlcer. 

3.0 Rlrpose: To computc the prcclictecl teleinctry value co~responding 

to a given iclcal sensor output. That is, to transforin from engin- 

eering units to telemetry units. Derivatives a r e  also computecl. 

4.0 Variables : 

4.1 Explicit Inputs: None. 

4.2 Explicit Outputs : None. 

4.3 Interinecliate and li~lplicit  1/0 Variables: 

ATEMP Current observed data value. 

CTEMP Predicted sensor output f~u~c t ion  transformed 

(calibrated) into telemetry counts, 

DEL Residual. DEL = CTEMP - ATEMP. 

FTEMP Predicted sensor output function in engineering 

units; i. e. , not calibrated. 

GTEMP Predicted sensor output function derivative. 

GTEMPl See nlodule GADSGC. 

JDERIV Selector index for derivative. 

I<G TYPE Type of paraincter bcing processecl. 

NOUII AT Itcfcr to this v:lrinblc in moclule GADSS13. 

0COlSI;'F 0l)serv:tblc (sensor) cn1il)ration coclicic~nts usctl in  

the f~111ction $. Tllesc constants are loatlctl fro111 

OnCOEl? in moclulc C;Al)SSl'. 



POLYN Tcmpornsy 1oc:~tions for 1101ynomi:~l tcrjns. 

Scc Notes. 

No tes : 

Calibration: The type of calibration perforlncd in this moctule is: 

See Reference 1, equation VI. 15. Thus the engineering value f 

is transformed into a telemetry count value T. The program 

symbols for r, c, m, and f a r e  CTEMP, OCOEFF, NCOEFF, 

and FTEMP, respectively. 

Derivatives : 

When derivatives are  reqt~ired,  ICGTYPE is non-zero. This 

variable cletern~iiles the type of derivative ancl is explained in 

module GADSGC. The derivative of T with respect to parameter 

u is given by: 

The program synlbol for the left-ham1 side is GTEMP. The value 

of clf/clu is in GTEMP1. See program GADSGC. 

Finally, the derivative of T with respect to a calibration constant 
i-1 c i is given by: T = f , 

Si 



Moclulc GADCO4. (Calii~~:xtion, type 4) 

1 , O  C:xlling Scrlucncc: Call. GADCO4. 

2.0 Category: FOR'l'ltAN subroutine, GADS worltcr. 

3.0 Purpose: To computc the prcclictccl engineering value from :I 

given raw tclen~etry count value. Derivatives a r e  also computed. 

Variables: 

Explicit Inputs: None. 

Exnlicit Outnuts : None. 

Intermediate ancl hiplici t  I/O Variables: See nioclt~le GADCOl. 

Notes : 

Distinction Betwe en This Module and GADCOl: 

This n i o d ~ ~ l e  calibrates the raw telemetry value, ATEMP, ins teacl 

of the engineering value, FTEMP. Hence, its function is the 

mirror image of the previous module, This nioclule is provided 

if it is necessary to acljust the coefficients in the inverse calibratioil 

curve as discussed below. 

Inverse Calibration: 

This calibration is given by: 

Thus the raw clnta valuc T is trmsformcd into cngincering units f. 

Thc mcmi l~g  ol  the syll~bols and their progrml nnmcs a r e  the 

same as  in motlule GAIICO1. 



The derivntives of -f arc  given by: 

3 f , see cquatioll (3), ~noclule GADFO1; - 

5.4 Progranlming Consicleration: 

Notice that using inverse calibration implies that the residual is: 

DEL = FTEMP - CTEMP, (3) 

instead of: 

DEL = CTEMP - ATEMP. (4) 



Module GADDO 1. (DifJ'ei-~iiti:il ~qu:~t ioi ls ,  type 1) 

1.0 C:illir~g Secl~~cncc: CALL GADDOl (17, X, NDUMMY). 

2.0 Category: FORTRAN subroutine, GADS worlter. 

3.0 PL~rpose: To conlputc the t ime  derivatives of the f i~ndan~cnta l  

state vector;  i. o., to compute {Rx, k,, b,, 6, 6 ,  $1 . 

4.0 Variables : 

Explicit Inputs: 

NDUNINIY First climension of I?. 

X(K) Intended systenl  pa rame te r s  which mus t  include 

the bounclary o r  init ial  conditions. See Notes. 

4 .2  Explicit Outputs: 

F(I, J) This a r r a y  corresponcls to the a r ray  F discussed 

under 5.2 fo r  moclule ADAMS. Module GADSCS 

allots c o r e  space  in  such a way that: 

F(1, l )  = F n ~ o d u l e  ADAh!lS, location LDEQF 

F(I,2) = D inoc l~~le  ADAMS, location LDEQG 

F(I,3) = P module ADAhIS, location LDEQP 

F(I,4) = E moclule ADAMS, location LDEQE 

F(I,5) = Z moclule ADAMS, location LDEQZ 

where: 

I = 1 co~ i~esponc l s  to Q 

I - 2 corrcsponcls to 0 

I =- 3 correspo11cls to I) 

I = 4 corrcspontls lo  Qx 

I - ti corresponds to Q 

I - G c~o~-rcs l~ont l s  to QZ 



The user should ii01~7, however, thnt the ncldrcss 

F(1, l )  ncccl not ncccss:rrily coincitlc with 1'(1), 

moclulc ADAMS, when several pert~irbed scts of 

c1iffcrcntiaP ccluations a re  bcing integrated. In 

such a case, F(1,l)  may be any of thc following: 

( 1 )  ( 7  ( 3 )  . . . Therefore module GADDOl 

must be called ollcc for each complctc set of six 

coupled differential cq~~ations. (This is clone in 

module GADFC1). Module ADAMS is unaware 

of these proceedings. Note that modules of the 

type GADAOl are, likewise, called once for each 

set  of outputs. The user need not be concerned 

with these details unless he contenzplates str~clying 

dumps of F or malsing cl~anges. 

Intermecliate a lc l  Inlplicit 1/0 Variables: 

AAA Input. First principal moment of inertia. 

ADME Input. Accuracy, module ADAMS. 

BBB Input. Second principal moincnt of inertia. 

CCC Input. Third principal moment of inertia. 

CONS Cons tmts of the motion. 

LAUX l i t .  Number of cclls in state vcctor alrcacly 

occupied by other modules of thc type GADDOl. 

See illorlule GADSDC. 

PARAMETER to identify ADAMS D. See 4. 2. 

PAJ%AM13'I'Ell to itlcntiIy AAAMS E. Scc 4. 2. 

PAltAMETER to iclcntify A1XW.S 17. Scc (1. 2. 



PO 

QO 

RO 

TO 

PHI 

PHI0  

THETA 

THETA0 

PSI 

PSI0  

WX 

L n '  

WrZ 

Input, Pci-hrubalion cotmtcr. Sce moclule GADFCl. 

Sec 17igurc 11. This vnrinblc is an inilinlizntion 

flag and i s  turned off by GADSAL. 

li~put. See notes. 

Input. See notes. 

Input. See notes. 

Input. See notes. 

cP 

cP a t  time TO. 

Q 

8 a t  time TO. 

$ 

@ at  time TO. 

See notes. 

See notes. 

See notes. 



Notes : 

I>iffercntial Ecjuntions of Motion: 

Thc differential ecjuations describing the motion of a rigid body 

about its center of niass, in terms of ES~ler 'angles, are: 

d = (Rxsin $ +Qy cos +)/sin 9 1 

81 = R i c o s $ -  R y  s i n e  2 

+ =  R x s i n @ c o t  9 - R  C O S $ C O ~ ~ - ~ -  R,. 3 
Y 

- 
.six 

- 
Qy 9z (b-c) + M 

X 
4 

See page 36, Reference 1. 

The present moclule provides the user with a convenient n~etliocl 

of applying the driving terms M shown at the right of ecj~~ations 4, 

5, ancl 6. Hence, the task of stuclying a spacecraft subject to torclues 

is, in principle, r e d ~ ~ c e d  to constructing an aclecluate force model, 

namely M. 

Initial Condi tioils : 

Thc initial coilclitions a r e  rcfcrcnces whenever NONCE2 = 1, which 

occurs 1-t- NCUT times a t  thc bcgjllnilig of each differential correction 

loop. The initial values for thc state vcclor a r c  PO, QO, R 0 ,  PIIIO, 

TIIETAO, PSIO. Notc that good cstimatcs of PO, QO, R 0  may re- 

cluire solne preliminary calcu1:itjons before c:tlling t11e GADS sys te~n .  

Scc i11iti:tlizution Scction of GAIISSS Sor nn cxnn~plc. In ucldition, 

note tllat initial coliclitions a r e  usually being acljustccl by tliffcrcntinl 

corrcction. 



Module GADFOl. (Itlcal sensor output f~~nction,  type I) 

1.0 Calling Scqucncc: CALL GADFOI. 

2.0 Category: FORTRAN subroutine, GADS worlier. 

3 . 0  Purpose: To compute thc ideal output f~ulction anc1 clerivativcs of 

a tlcosinctf sensor. 

Variables : 

E s ~ ~ l i c i t  Inputs : None. 

Explicit Outputs: None. 

Intermecliate ancl Implicit I/O Variables: 

DEDU Input. The derivatives of the transformation & 
with respect to a, d ,  Q, 8 f,b . 
See moclt~le GADSAL. 

E Input. The transformation to bocly coordinates &. 

FTEMP Output. Sensor output function. 

GTEMP Output. Sensor output fi~nction derivative. 

JDERIV Input. Selector index for derivative. 

JSCODE Input. Selector index for sensor opcrancl S. 

KGrIYPE Input. Type of paran~e te r  being processecl. 

OGAMMA Input. Direction cosines of sensor axis with 

to body coordinates. 

OGAMMD Input. Direction cosines cliffcrcntintccl with 1.especl 

to "mounting constantsu. Scc nlotlule GADSI'LI. 

S l3li1A4 13 Input ant1 output. Scllsor oper:ultl vector S 

exprcssccl in I~ody  coor.clinatcs. 



No tcs : 

" Cosineu Scnsor : 

A scnsor having rm output f dcscribccl by the vcc tor clot procluct: 

is called a cosine sensor. In this ccjuntion, K is a unit vector 

collincar with the sensor's sensitive =is in body coordinates. 

(The progr'un symbol is OGAMMA). S is the environmental 

vector phenomenon upon which the sensor operates while St is the 

same quantity expressed in body coordinates. Thus, 

The program syn~bols for S, S f ,  and $ a r e  S, SPRIME, and E, 

respectively. 

Derivatives of f: 

As discussed in Reference 1, Section V. F, the derivatives needed 

to perform differential cori.ection can be separated into various 

parts. See ecjuations V. 22, 23. In this module, interest i s  in all 

the derivatives except those concerned with the operator 

Hence, the following is conlputed: 

The clerivatives of I< a r c  designatctl by the program symbol OGAI\~I\II), 

those of 4 by DEDU. The symbol JDEltIV selects the dcsirecl tleriv- 

ativc. On thc other 11:1nd, thc various tcrms appearing on the right- 

hand siclc or' equations (3) : u ~ l  01) :ri-e jtroccssccl :tccortling to tl~c l y [ ~ ~  

of ~ ~ ; t r a m e t e ~ ,  This i s  clctcrt~~inecl 1)y the v:irini~le ICGTYPE. 1 1 ' 0 ~ '  

further clarification of thcsc vai-i:~J,lcs, scc  Table 2. 



Snecialization: 

Notice that this nlotlule i s  one of the highest worlting levcls 

special to attitude detern~ination. If i t  were not for the 

calibration (or transfer function) , this module woulcl be the 

las t  stage in computing the preclicted observecl f~tnctions using: 

a) the information (i. e . ,  the state  vector) a s  provided by auxiliary 

functions (GADAO1, GADDOl), and b) the independent infornlation 

providecl by GADSSO. Hence, this module performs a s imi lar  

role a s  those which conipute range, range rate, azimuth, etc . ,  

in  orbit deterniination. 

Efficiencv: 

This type of module is involcecl inside the main data loop and 

sl~ould be progranlnled efficiently. 



Module GADPCl.  (Ftunction cllnin sub~noclule I) 

1 , O  Calling Sequence: CALL GADFC1 (PItOCItRI,AFAREA,NDUM). 

2.0 Category: FORTRAN subroutine, GADS executive, level 3.5. 

3.0 Purpose: To cause calculation of perturbed s ta te  vector (auxiliary 

a ives. f~lnctions) for  u s e  in numerical  cleriv t' 

4.0 Variables: 

4 - 1  Explicit Inputs : 

PROGRM Module to be used to ca l l  auxiliary f~mctions: 

PROGRM=GADSAC - closed form functions 

like the type conlputed in  GADAO1; 

PROGRM=GADSDC - integrated f ~ m c  tions l ike 

the type computed in GADDO1. 

NDUM F i r s t  dimension of AFAREA. See below. 

Explicit Outputs: 

AFAREA(NDUM, NCUT+l) Computed perturbed auxiliary functions. 

F o r  example, AFAREA(1, J+1) contains the J th  per- 

turbation of the Ith auxiliary function. Note that 

AFAREA(1,l) always contains the ~ m p e ~ t u r b e d  

functions. Fo r  g rea t e r  detail concerning the methocl 

of perturbations,  to 5.0 Notes. 

Intcrnle<linte ailcl h ~ ~ p l i c i t  1/0 Variables: 

J U M P A L  I1Jump GADSAL" flag. GAIISAL computes the trans- 

fol-mation ($= (li/ wl~ich c:ul sometimes be sl;ipl~ed 

cluring nun~c>ricnl cliffcrcntiution. 



LINICE J Ltlpul. Sce moclulc GADSIX, 

LINICRF hput. Sce moclulc GADSIX. 

MCUT Perturbation cotultcr. 

N Nuinber of perturbations to compute on either side 

of "centeP1. See Notes. 

NDORDR Input. Sanie as  N. Also see  n~oclule GADSIN and 

Run Deck, cards G9-1,2,3,4 and G14c-1,2. 

NU Input. Total number of active parameters. 

SIGN +l. 0 and -1.0 flip-flop. 

U(KU, 1) Input. Sys tem rlintended" parameters. 

U(KU, 2)  Perturbed system parameters. 

Notes: In order to compute perturbed sensor output functions, i t  

is f i r s t  necessary to compute perturbed auxiliary functions, This 

module is designed to cycle through all system parameters s o  as  

to determine when nunlerical differentiation is requested, to 

coinpute the auxiliary function perturbations on either side of 

"center", and to store the results  in AFAREA, 

Perh~rbations a r e  storecl secjuentially using MCUT as a co~mter. 

Hence, there is no way for  idcntificatioll later (in moclules 

GADFC3 ancl GADSGC) except by the sane scheme .used in their 

generation. 



Moclulc GAl3FC2. (Function cllnin submodulc 2) 

1. 0 Calling Scqucnce: CAI,I, GADFC2, 

Category: FOItTltAN subroutine, GADS executive, level 3.5 

3.0 Purpose: To cause the calculatioll of: a) the trnnsforrnation to 

body coorclinatcs & (GADSAL), b) the ideal sensor output function f 

(GADFO1, etc. ), and c) the calibratecl function T (GADCOl, etc. ). 

4.0 Variables : 

4.1 Explicit Inputs: None. 

Explicit Outputs: None. 

4.3 Intermediate and Implicit 1/0 Variables: 

CTEMP Output. Calibrated sensor output. 

FTEMP Output. Ideal sensor output, engineering units. 

KSF Input. See module GADSSP. 

KSO Input. See module GADSSP. 

KSOl Input. See variable NOBDAT(3) in mod~lle GADSSP. 



Module GAD1pC3. (I3unctioa chain submocl~~lc  3) 

1.0 Calling Seclucncc: CALL GADFC3(AUXG, ADXlP, LDUXI, MDUM). 

2.0 Category: I'OI<TRAN subroutine, GADS cxecutivc, level 3.5. 

3.0  Purpose: To cause  calculat iol~ of perturbecl predicted sensor 

output functions f o r  u s e  in n u n ~ e r i c a l  clerivatives. 

4.0 Variables: 

4.1 Explicit Inputs: 

AUXG(LDUM, NCUTStl) Computed auxiliary functions. See 

var iable  AFAREA, m o d ~ ~ l e  GADFC1. 

ADMP(MDUM, NCUTStl) Computed auxiliary functions obtained 

by means  of module ADAh4S. 

LDUNI F i r s t  dimension of AUXG. 

MDUM F i r s t  dimension of ADMP. 

Explicit Outputs: None. 

Intermediate and Implicit 1/0 Variables:  

CTEMP Predicted s enso r  output function. 

CTEMPl  Unperturbed predicted s enso r  output function. 

See module GADSFC. 

CUTD See module GADFC1. 

JUMPAL See moclule GADFC1. 

I< U See modulc GADFC1. 

LINI<E J Sce motlulc GADFC1. 

LINIU'CF Scc modulc GADICCl. 

MCUrI' St:c modulc GADFCl .  

N Scc motlulc GAnl:Cl. 



NDORDIE See ll~odule GADFC1, 

PERTUR Output. I'ert~~rbecl preclic tccl sensor output f~tnctions 

used in module GADSGC for calculating derivatives. 

SIGN See moclule GADFC1. 

U See module GADFC1. 

Notes: This moclule is identical with GADFCl except that i t  uses 

the results  obtained to cause the calculation of the predicted 

sensor outputs. These a r e  storecl in PERTUR. The tu-iperturbecl 

sensor output resides in CTEMPl a s  placed there by module 

GADSFC. 



Modules GAKZG, 27, 39,40. 

i. 0 : CALL GADG26, etc. 

Category: FOTCrI'EAN subroutine, GADS worltcr, 

3.0  Purpose:  To compute the ideal derivatives of a "cosine sensoru  

output with respec t  to 0, i ,  and t,b f o r  a dynamically balanced 

r igid spacecraf t  subject to no drag. 

Variables : 

Explicit Inputs: None. 

Explicit Outputs : None. 

Intermediate and Inmlicit 1/0 Variables: 

DEDALF Input. a & / a  a. 

DEDDEL Input. See m o d ~ ~ l e  GADSAL. 

DEDPHI Input. See module GADSAL. 

DEDPSI Input. See module GADSAL. 

DEDTHE Input. See inodule GADSAL. 

DEDU EQUIVALENT to DEDALF. 

DPSDOT hput .  d 6 / d 0 = - s i n  6 (a-c)/c. 

See equation V. 25a, Reference 1, 'and n~oclule GADAO1. 

GTEMP Output. Teinporary location fo r  ideal derivative. 

I11 T e r m  pointer :md counter in thc chain ru l e  for  

differentiation. See Notcs. 

JDERIV Derivative selector .  

OGAMMA Input, Fast access a r c a  for  s e ~ l s o r  cIirection 

cosines, 



ORBVEC Input. Soe nlodulc GADSSO. 

POINST I c/(a-c) cos 6.  Sec motlule GABAO1, 

e 

TSNIOP Input. d I / !  / tl (p - (a-c) cos 8 / c. See ccluation 

V. 25b, Reference 1, 'mcl module GADAOI. 

USPECL Input. Special sys tc i l~  parameters. This a r ray  

may contain special purpose ancl useful clu'mtities. 

The basic purpose is to transmit variables from 

one working level to another and to reduce 

unnecessary recomputation of frecjuently used 

cluantities. See module GADAOl for an example. 

Notes : These modules exemplify the "non-standardu type of 

differentiation. The derivatives conlputed are non-standard 

because the chain rule is requirecl, They a r e  as  follows: 

Module Derivative Equation Numbers in Reference 1 

GADG26 d? e V. 24d 

GADG39 4.6 V. 24c and V. 26a 

GADG40 @fi V. 24e and V. 26b 

Note that module GADSIN will automatically arrange for these 

modulcs without the user1 s intervention, He can, of course, 

override. See ltun Declc mcl Usage. 



Module GADGO1. ( 9 operator number 1) 

1.0 Calling Secluencc: CALL GADGO1. 

2.0 Category: FORTRAN subroutine, GADS cxecutivc, lcvcl 4. 

3.0  Purpose: To load (prepare) the calibration operator (or transfer 

function) G when some of i ts  parameters a r e  "system par,amet~'s~~; 

i. e., when some of its constcants a r e  being refined by differential 

correction. 

Variables: 

Explicit Inputs: None. 

Explicit Outputs: None. 

Intermediate and Implicit 1/0 Variables : 

I Pointer index for calibration constants (constants 

appearing in the "transfer functionu). 

Pointer index for locating the said constants in the 

ar ray of system para.n1eters U. 

LINKCP Input. See mod~ile GADSSP. 

KU1 Input. KU1 is usually se t  to 1. When I(U1 = 2, 

Itperturbed system parmietersfl a r e  being used for 

a false position derivative. 

OCOEFF Output. Fast access arca for calibration constants. 

U(J ,  I(U1) i t .  Array of systenl paran~ctcrs .  IIcrc U corrcs-  

ponds to UTEMP in nloclule GADSLS. 

Notes: This motlulc i s  used only when i t  is necessary to adjust 

(refine) the calibr:~tion eonst:mts of a give11 sensor... Untler lhcse 

circun~st:ulces i t  i s  clear  t11:~t tllc clu:~nlitcs involvecl will be assigned 

places in the array of systcnl paramclers as tlescribcd in Run Deck, 

carcis G 3 ,  Gfi, and G14tl. When tElcsc control cz~rtls a r c  usctl, 



G A D 6 0 1  is aulontntic:llly involrecl lo "updale" the Cj operator ns 

thc clil'ferential correction progrcsscs.  

It is possiblc thnt the u s c r  may recluil-e a m o r e  complicated 

module which docs m o r e  than merely ntove cluantities. In such 

a situation, i t  nlay be ncccssary  to compile a moc l~~ le  starting 

with GADGOl as a model. If a new moclulc i s  proclucecl (GADGOB), 

it may be invoked as reyt~irccl by placing the calling statement in 

module GADSSP. F o r  example, if the new module is to be usecl 

only when processing senso r  GHSENSOR (6 hollerith charac te rs  

used to identify the sensor ) ,  the following code could be placed in  

module GADSSP: 

I=KXOR(SENSID, GHSENSOR) 
IF(1. NE. 0) CALL GADGOl 
IF(1. EQ. 0) CALL GADGOB. 



6:~lling Scclucncc: CALL GADI(O1. 

2.0 Category: 17OItTItAN subroutinc, GADS executive, level 4. 

3 . 0  Purpose: To loacl (prepare) the gcoinctric operator $\ifhen soinc 

of its garaineters a r e  system parameters; i. e. , when some of 

i ts  parameters a r e  being refined by differential correction. 

Variables: 

Explicit Inputs: None. 

Explicit Outputs: None. 

Intermediate and Implicit 1/0 Variables: 

I Pointer index for geometric constants (constants 

appearing in the g e o l ~ l e t ~ i c  operator). 

Pointer index for locating the said constants in the 

ar ray of system paraineters U. 

LINKOP Input. See mocl~ile GADSSP. 

ICU1 Input. KU1 is usually se t  to 1. \\hen I<U1=2, 

perturbed systeill parameters a r e  being used for 

a false position derivative. 

NG Type of geometric mo~mting. 

NOBDAT Input, See variable NOBDAT under moclules 

GADSSP and GADSGC. 

OMOUNT Output. Fast access area for geometric constants. 

U(J, ICU1) Input. Array of systcm parameters. U corresl,ontls 

to UTEMI' in lxodule GADSLS. 

Notes: Tllis module is used only when it is necessary to adjust 

(refine) thc gcomctric o r  mounting constants of :L given sensor. 



Under tllcse c i r c u n ~ s t a ~ c e s  i t  i s  clear tkat llle clunnt.ilies 

involvecl will be assigi~ccl plr~ces in i11c array of systcm paranlciers 

as  clcscribetl in the 1Ctun Decli, cards G4 ant1 G5. \Vllen these con- 

trol cards a r e  used, GADKOl i s  automrltically involicd to upclntc 

the goperator  a s  the differential correction progresses. 

It is possible that the user  may require a more coniplicatecl 

module which cloes more  than merely move quantities. In such 

a situation, it niay be necessary to compile a mociule starting 

from GADICOl a s  a model. If a new module is produced (GADICOB), 

it may be invokecl as  required by placing the calling statement in 

module GADSSP. For exaniple, if the new module is to be usecl 

only when processing sensor GHSENSOR (G liollerith characters 

used to identify it), the following code could be placed in the 

module GADSSP: 

I=KXOR(SENSID , GIISENSOR) 
IF(1. NE. 0) CALL GADKOl 
IF(1. EQ. 0) CALL GADIC02. 



Calling Sccjuencc: CALL GADLSl (A, NDUMMY). 

2.0 Category: FORTRAN subroutine, GADS executive, level 2. 

3.0 Purpose: To provide printout for  modulc GADSLS only. 

4.0 Variables: 

4.1 Explicit Inputs : 

A Do~tble precision square a r ray  to be printed. 

NDUMMY Dimension of A. 

Explicit Outputs: See below. 

Printout: The square a r ray  A(1, J) is printed with the fornlat 

D15.10 such that the columns a r e  printed horizontally. 



Module GAD1,SZ. (1,e:ist scju:rres sul~rnoclulc I I L I I I I ~ C V  2) 

1.0 Calling Sccluence: C A L L  GADLS2 (A, Y, DU, NDUMMY), 

2.0 Catcgory : FORTRAN subroutine, GADS executive, levcl 2. 

3.0 Purpose: To provide printout for lnoclule GADSLS only. 

4.0 Variables: 

4.1 Explicit Inputs: 

A Double precision square ar ray to he printed. 

Y Double precisioil vector to be printed. 

DU Double precision vector to be printecl. 

Explicit Outputs: See below. 

Printout: The final printout is iilteilded to display the following 

matrix equation: 

This equation is in the for111 of the normal equations where Y i s  

the gradient vector, A is the norillal matrix of coefficients, and 

DU is the quasi-Taylor cliffereiltial correctioil vector o r  solution. 



Module GAIIS/EPICD. 

1.0 Calling Sequence: Nolie. 

2.0 Category: FORTRAN main  program, GADS executive, level 0. 

3.0 R ~ ~ p o s e :  EPE-D satel l i te  attitude cletermination. 

Variables : 

4 . 1  Explicit Inputs: See 4.3 .  

4 . 2  Explicit Outpi~ts:  

4 . 3  Important Carcl Inputs: 

C a r d  1. Forinat  1615, 

KBALF See modules GADSSO and GADSSO/EPED. 

ICBDE L See lnodules GADSSO a i d  GADSSO/EPED. 

KBTOT See modules GADSSO and GADSSO/EPED. 

ICBTIME Not ~ ~ s e d .  

KOTAPE See nlodules GADSSO and GADSSO/EPED. 

NSETS See modules GADSSO aild GADSSO/EPED. 

ICWORDS See moclules GADSSO ancl GADSSO/EPED. 

IBM See n~oclules GADSSO a i c l  GADSSO/EPED. 

NITEMS Sec modules GADSSO ancl GADSSO/EPED. 

Card 2. Format  1615. 

LOCA See n ~ o d u l e  GADSCS. 

LOCT See ~.llotlulc GADSC:S. 

LOCEND See r~~o t lu l c  CADSCS. 

I< SX See motlulcs ol' thc typc CADSSO. 
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ICSY See modulcs of the type GADSSO, 

ICSZ See ~noclulcs o f  tlic type GADSSO. 

MSDORB See ~noclulcs of the type GADSSO. 

ICDAY OR See moclulcs of the type GADSSO. 

KYEARO See n~oclules of the type GADSSO. 

I(HOUR0 See modules of the type GADSSO. 

Card 3. Format  1615. 

MDEBUG Card colunlns 1-5. Debugging aid: 

0 = normal 
1 o r  3 = print  words 45 through 300 of each input 

tape record  
2 o r  3 = print words 1 through 44 of sanle 

NDRUNIW Card colulnns 6- 10. Drum words (FASTRAND) 

needed for storing orbit  data. See Reference 19. 

MPARAM(3) Not used. 

MPARAM(4) Notused. 

LMAX Card columns 21-25. See n~odu le  GADSSS. 

NCASE Card columns 26-30. See module GADSSS. 

ICOND Card coluinns 31-35. See moclulc GADSSS. 

NDEBGl Cai-c1 c o l u n ~ i ~ s  36-40. See moclulc GADSSS. 

ICSIM Card col~un~ns  41-45. ICSIM - 1 for simulation; 

I<SIM 4 1 lor ~ , roccss ing  EPE-U tlttih~dc. 

See Note 1, below. 

1< 15 0 1? 1 Cart1 columns 46-50. Not used. 

ICE0172 C:ml coliunns 51-55. Not usctl. 



NPROC Cast1 columns 56-60. N u n ~ l s e ~  of calls to GADSLS 

recjuesled. See Noie 1. 

MI? Carcl colul~~i ls  61-65, Scc 111 ocluIe GADSSS. 

NF Card columns 66-70. See moclule GADSSS, 

MORBIT Card coluinns 71-75. See n1odule GADSSS. 

NORBIT Card col~~~ul~ins 76-80. See moclule GADSSS. 

Card 4. Forinat 1615. 

NnECS Card columns 1-5. N~unber of tape input recorcls 

to process per  call to inodule EPEDIN. 

MPARAM(18) Card colunlns 6-10. Not used. 

NFRAMS Card coluinns 11-15. Nuinber of frames contained 

in one input record. See Reference 18. 

NCHANS Card colu~~iins 16-20. Nu~nber of channels per frame. 

NPDPTS Card colunlns 21-25. Minimuin nunlber of solar 

patch data points for attih~cle determination. 

MWORDS Card columns 26-30. Not used. 

NWORDS Card columns 31-35. Number of words per input 

record. See Reference 18. 

MPARAM (24) Card co l~ t~nns  36-40. Not usecl. 

NBBCAL Card colun~ns 41-45. Numbel- of conscc~ttivc frames 

cr i ter io i~  for dctcrn1ining the on o r  off slate of the 

calibrating ficld. See Nolc 2. 

NRSI(1P Card colui11ns 46-50. Number of input to 

skip after filc is  positionetl, 

NFSlCIP Card  colt~inns 51-55. Nuinl~cr ol' i n l ) l ~ l  files lo skip. 



NSAMPL Card  colunins 55-60. Sa111pling rate for  mngnct- 

onlcter data, every NSAMPL will be processccl. 

IEERM Card  co lun~ns  61-65. Maximum nulllbcr of 

~unsuccessf t~l  r e t ~ ~ i - n s  from GADSLS before run  is 

tern~inatccl. 

LE ASTN Card co lun~ns  66-70. Least  number of data  points 

fo r  attempt a t  attitude determination. 

MIXER84 Card  colulnns 71-75. Not used. 

NGREAT Card  columns 76-80. Greatest  number of data 

points that can be accepted for  any sensor ,  This 

number is limited by the dimension of F1 and TI.  

Card  5. Forinat  1615. 

MPARAM(33-40) Card columas 1-80. Not used. 

Card  6. Fo rma t  8E10.5. 

XPARAl/I(l-8) Card colums 1-80. See moclule GADSSS, 

Cards  7, 8 ,  9. See Card 6. 

Card 10. Fo rma t  8E10.5. 

BBBCAL Card c o l ~ m n s  1-10. Criterion for  determining if 

the calibrating 111 agne tic field has been turned on 

o r  off. Note that this number nlusl  be in  counts 

o r  in  gamnlas depending on whcthcr thc r aw  data 

i s  in counts o r  galnnlas, This,  in 

turn, clepci~cls on whet l~cr  motlulc El'EDIN i s  

calibrating thc ~nagnclomctci-s. 

BI313MAX Carcl columns 11-20. Criterion lor  tlclcrinining 

when the gcon~ngi~ct ic  licltl i s  too s t rong to a1tcml)t 

:tttitude clclcrminnlion (g:'amm as). 



DE LTOlt Cnrc? colur~lns 21-30, Delta. orbi t  time. The 

largest data t ime S~:LII safe for  attempting attitude 

clctci.mination, milliseconds. 

PA TC IIS Card co lumi~s  31-40, Solar patch slopc. The slope 

nl in the ecjuations: 

where y is in telenlctry couilts computed in module 

EPEDIN. Thus x is the sensor  observation to be 

used as r a w  data in moclule GADSLS. 

PATCHM Card columns 41-50. Solar patch maximum 

acceptable te lemetry value o r  count. 

XPARAh/1(38) Card columns 51-60. Initial value fo r  Marc~uard t t s  

mixture parameter .  See variable XLAMIN, moc l~~ le  

GADSLS. This overricles module GADSDA. 

XPARAM(39) Carcl colu7nns 61-70. M i t ~ i m u m  for  Maryuardtts 

mixture parameter .  See variable XLAMBM, 

module GADSLS, This overrides module GADSDA. 

XPARAM(40) Card columns 71-80. Not used. 

Carcl 11. Format 8E10.5. 

COMMUT Cit~cl c o l u ~ n n s  1-80. See moclule GADSSS. 

Card 12. Format  8F10.4. 

TORIGN(1-7) Card cohunns 1-80. Scc Us'agc ant1 module GAIIS1,S. 

Card 13. Format 4D10.5. 

DE LT C:trtl columns 1-10, See motlulc I<l'I<I)IN, 

TITIXED Card co lumi~s  11-20. Sec Us:tge m c l  motlulc GAJ>SI,S. 

C u ~ d  c o l u ~ ~ l i l s  21-80. Not usctl. 
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Cnrd 14. F o r m a t  1615. 

IREQST Card coluinns 1-80. Sec inoclulc EI'EDIN. 

Caild 15. F o r m a t  1615. 

ICALB Card  c o l ~ ~ m n s  1-15. See moclulc EPEDIN. 

NCOEP C a r d  co lumi~s  16-30. Sce module EPEDIN. 

Carcl 16. I'ormat 1615. 

INTEP2 Card  co l~mlns  1-40. See nlodule EPEDIN. 

ITEST C a r d  columns 41-60. See nloclule EPEDIN. 

Card  17. F o r m a t  8E10.5. 

EPCOEF Card  colunms 1-80. See n i o d ~ ~ l e  EPEDIN. 

Carcl 18. F o r m a t  8E10.5. 

EPCOEF Card  columns 1-40. See module EPEDIN. 

Card  19. F o r m a t  8F10.4. 

AVERTX Card columns 1-80. See nzodule SHADOJI'. 

Card  20. Format  83'10.4. 

SHADCR(1-4) Card  colunlns 1-40. See module SHADOM'. 

Carcl 21. Fornlnt 83'10.4. 

SIMSTA Cart1 colunzns 1-80. See module GADSSS. 

Carcl 22. F o r m a t  10AG. 

EI'REICL Card col~t lnns 1-6. EPE-D Attitxide :u~tl Oybi t 

tape c l c s ~ ~ i b c c l  in n ~ o d u l c  GAIISSO/EPED ant1 in 

Itcfcrcncc 18. 'l'l~csc l lol lcr i t l~  characters will Ijc 

priiitccl using tllc on-line lylwwl-itcr to indicate tllc 

tape num1,cr to the ol~ci*tlloi-. Scc Itcfci-c11c.e f 9. 



OItUlTN Carcl columns 7-12. FASTRAND I'ilc ilainc lor  

GADS use only. Any six chnractcrs legal lo 

module TOILAN11 will do. Sce Ttefcrencc 19; 

Intcrmediatc ancl 1rnpl.icit 1/0 Variables: 

AVERTX Input. See mocl~~le SIIADOW. 

BBBCAL Input. See card  4. 

BBBMAX Input. See card 4. 

COMMUT hput  and output. See card 11. 

COMM Input. See rnocl~~le GADSLS. 

DELT Input and output. See module EPEDIN. 

DPR Degrees pe r  radian. 

EPCOEF Input. See card 18. 

EPREEL Input. See card  22. 

F Temporary a rea  for transmission of raw clata. 

While residing in F, the data is preprocessed. 

F1 

FILLFL 

IBM 

IBUFEP 

ICALB 

IEPSIZ 

IERltM 

IEltltOI'L 

INSYNC 

Terminal a rea  for raw data. 

Fill-data flag. 

Input. See card 1. 

Buffer pointer. See Reference 19. 

Input. See card 15, 

BuI'fer s ize  for EPE-11 input tapes. 

Input. Sce ca rdf l .  

Counler -for a,ilorllltll rclturns f rom CAI)SLS. 

Not usccl. 



IOBUF 

IOBUFl 

IOFLAG 

IOFLEP 

I 0  SIZ E 

lREQST 

IRESET 

ISTART 

IT 

ITEST 

ICBALF 

ICEOF 

ICEOF1 

ICEOF2 

I<EOT 

I<I'ATCII 

IZig11t cells usccl irz EPEDZN. Sce variables 

K,  ICIC, r<IcIc, lclCIcl<, ctc. 

lulput. Scc card 1 G .  

Eight cells used in EPEDIN. See variables 

I, 11, 111, 1111, etc. 

Buifer pointer for orbit records on FASTRAND, 

See Reference 19. 

Buffer flip-flop pointer. 

See Reference 19. 

See Reference 19. 

Buffer s ize  for orbit records. See Reference 19. 

Input. See card 14. 

See input variable NCALL in moclule GADSSS. 

Not used. 

Data pointer index. 

Input. See card 16. 

Iilput. See card 1. 

File nzarlier counter, input tapes. 

Not used. 

Not used. 

End-01- tape counter, input tapes. 

EQUIVALENT to INTElJZ(7). Solar pntch cell 

sclcctor. Sce Note 4, 

Input. Scc card :I, 

I .  Scc card 1. 



EEASrI'N 

LMAX 

LPATCII 

LOGIC 

MCALLS 

MDEBUG 

ME' 

MMERM 

MORBIT 

MPARAM 

MWORDS 

NBBCAL 

NBRECO 

NCHANS 

NCOEF 

NCOMM 

NDEBG1 

NDIt Uh/l W 

Pupu . Scc card 4. 

Iilput. See card 3 .  

FORTRAN PARAMETER. Colun~n indicator for 

storing solar patch clata. 

Type of 1/0 action. See Reference 19. 

Call counters. MCALLS(7) is used by module 

GADSSO. See Table 6 .  

Input. See card 3. 

Input. See card 3. 

Input. See carcl 4. 

Input. See card 3. 

Input. See cards 3, 4, 5. 

Input. See card 4. 

Input. See card 4. 

Number of buffered records, orbit clata on FASTRAND. 

Input. See card 4. 

Input. See card 15. 

EQUIVALENT to COMM. 

See variable NDEBUG, nloclule GADSSS. 

Nunlbcr of clrum ~i/orcls ncedccl to store orbit tlata. 

See card 13. 

Inprit. Sce curd 3. 

Nu~nbcr of s:implcs pcr input rocortl i)cl-' channel, 



NFSICIP 

NGREAT 

NITEM S 

NMAG 

NONCEX 

NORBIT 

NPASS 

NPASSl 

NPATCH 

NPDPTS 

NPROC 

NRECS 

NRESET 

NRSIqIP 

NSAMPL 

NSETS 

NSUN 

NWORDS 

ORBFN 

PATCIIR4 

PA'I'CIIS 

SIIADCII. 

SIMSTA 

Ii~llput. See cart1 4. 

Input. Scc card 4. 

Jiqlput. See carcl 1. 

Number of magnetometer samples  per ~nagnetometcr .  

EQUIVALENT TO INTEPZ(8). See moclule EPEDIN. 

Input. See c a r d  3. 

Number of pa s se s  processed  in EPEDIN. 

NPASS mod 7. 

Ntunber of clata points froni so la r  patch. 

Input. See c a r d  4. 

Input. See c a r d  3. 

Input. See c a r d  4. 

Number of worcls to c l e a r  when initializing a r r a y s  

F1 and T I .  

Input. See c a r d  3. 

Input. See c a r d  4. 

Input. See card 1. 

Ntun1ber of so l a r  aspect  sellsol- clnta points. 

Input. See cavcl 3, 

Input. Scc ca rd  22. 

Input. Sec carcl 10. 

Input. See cart] 10. 

Input. See cart1 20. 

Input. Scc c;trd 21, 



STOPT Outptlt, Stop time lor  a given rtttitude d e l ~ ~ ~ n i n n t i o n  

pass. 

T Sallp, San~plc tililes corresponding to F. 

T I  Samples times corresponding to 171. 

TDATA Input area  for tape data, 

TFIXED Input. See moclules EPEDIN and GADSLS and Usage. 

TORIGN Input. See card 12. 

VERTEX See module SHADOW. 

XPARAM See cards 6, 7, 8, 9, 10. 

Notes : 

Usage : 

(i) This llloclule reads input data from cards to control nlodules 

GADSSS, SHADOW, GADSLS and EPEDIN. Hence, the use r  

is responsible for providing the necessary data and the input 

to module GADSIN. 

(ii) This module reads EPE-D orbit-attitude tapes generated by 

the systenl reported in Reference 19. This tape is assigned 

by utilizing card 22. 

(iii) When I<SIIVI -f 1, simulation of EPE-D is unclerstoocl. To 

ca r ry  out sii-tlulation, however, the nailled c o n ~ i ~ ~ o n  a rea  

ORBIT must  be dimcl~sioned a s  it i s  in GADSSS and GADSSO. 

The moclule GAI)S/SIM is  providccl for convenience. 

(iv) This rlloclule will write an output attitude tape via moclulc 

EPEOUT for which the uscr  should provide an assignment 

carcl (Unit D). 

(v) T11c uscr  shoulcl consult Scction 2 for atldiLion:\l usage 

yecj~~irenlents. 



5,2 Nlngneto~neter D:ltn: Because n lngnc tome t~~s  a r e  susceptible 

to satrrsaiiori ruld a re  sitl~jected periodic:illy to calibration, their 

outpuls ruust be preprocessed. Salurnlecl magnetometer data e:m 

be avoidecl by ignoring all observations talien when the spacecraft 

is in a fielcl cxceecling BBBMAX. On the other hancl, the presence 

of a calibration fielcl can be inferred by a juml:, in the recorclcc1 

field strcngth exceeding BBBCAL gammas. Since the calibration 

is never lfonv in excess of NBBCAL frame times, discard all 

observations bracltettecl by two sufficiently large breaks 'and few 

frames. In the program, refer  to "DO 119 IT = 1, N10. I t  (See 

Figure 22. ) 

5.3 Solar Aspect: As in module GADS/ISISA, solar aspect is obtained 

in degrees. Hence, i t  must be converted to cartesian components. 

See "DO 112 IT = 1, NFNR. 

5.4 Solar Patch (Damage Cell): The solar clamage cell experiilzents 

a r e  in channel 15, frames 3, 4, 5, 6. That is, in PP3, 4, 5, 6. 

The user  determines whicli cell i s  to be processed by means of 

input variable ICPATCH and shoulcl be s e t  to 3, 4, 5, o r  6, respec- 

tively. ICPATCH is reacl fro111 card 16. Norll~ally the input data 

will be transformed (calibrated) from telemetry c o ~ u ~ t s  (in the range 

000-999) to a cosine. This can be performed in the preprocessor 

EPEDIN. In this instance, the user  shoulcl p~mc11 +l. 0 for variable 

PATCIIS. See card 10. Alternatively, should the user \ilnnt to 

obtain the raw tclelllctry counts from EPEDIN for reduction to a 

rough cosinc in this module, he may do so by punching the 

appropriate nornlalizing factor it1 PATCIIS and relieving motlule 

Ef)EDIN from this res l~onsibi l i t~~.  Calibration in EI'ElIIN is con- 

trolletl b y  v:irinble ICALB, card 15. 

A third altcrllative i s  to allow ilte CAI)S sysicm to pc.rl'orm catibl.:~tion. 

Scc ust1gc. 



Shaclowing of Sol :~r  Patch: Uecausc the s o l a r  patch i s  s u l ~ j e c t  

to geometric ~haclotilii~g froill tllc sol:rr* ~~aci t l lc ,  the u se r  s houltl 

u se  the GADS modules GADP'02 :mtl SIIADOW. The inputs to t l ~ c  

l a t t e r  niodule :ire read  from c a r d s  19  a i d  20. Existing constants 

we re  ol~tainecl by approximate rnetliocls. See Figures  19, 20, ant1 21. 

5.6 Sampling Magnetoimeter Outputs: Magnetometer output is obtained 

eve iy  franie,  and i s  sanipled by means  of the variable NSAMPL, 

ca rd  4. Every NSAMPL franie  will be  sampled. See "DO 129 IT = 1, 

NEWBDP, NSAMPL". 

5.7 EPE-D R L ~  Listings: A list ing of the c a r d  input f o r  a typical 

EPE- D r u n  is shown on the following two pages. 
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Module <;ADS/ISISA. (ISIS-A allitx~de clclerminntion) 

1.0 Calling Sequence: CALL GADS ($1, $2, MAXT, ATTIT). 

2.0 Category: FORTRAN subroutinc, GADS executive, level 0. 

3.0 Purpose: To provicle the calling sccjuences for the determination 

of the attitude of the ISIS-A spacecraft and the generation of 

output attit~tcle arrays. 

Variables : 

Explicit Inputs: 

$1 E r ro r  return in case attitude cannot be computed. 

$2 Alternate return to obtain a different sampling rate. 

MAXT Total number of attitude items to be con~puted. 

ATTIT Array of attitude items. This array may be partially 

loaded o r  computed upon entry to GADS. 

Explicit Outputs: 

ATTIT Array of attitude items to be computed. 

Intermediate and Implicit 1/0 Variables: 

COMM Input. Worli area containing observed data and 

sample times. 

DARICNS I-Iollerith iclentification of f i rs t  "sensor complex" to 

be processed when thc sp'wccraft i s  in the clarl;. 

E C LIPS 11;:clipsc statxts ii~clictllo~ ol~taincd from orbit data tape. 

LOCA Input. Iiclative :icldrcss oE first  ccll in CORilnl con- 

taining obscrvalional tlata. 



LOCATE Input. Locations of observetl data arrays. Thus, 

LOCATE(1) = relative starting location of observetl 

data for f i rs t  sensor; 

LOCATE(2) = rclativc starting location of observed 

data for second sensor; etc. 

The preceding relative starting addresses a r e  all referred to the 

f i rs t  cell of COMM. (See Figure 5. ) 

JTIME Output. Acldress modifier used to calculate the 

address Qf an observation sample time. Thus, i f  

COMM(L) is the observed data, then COMM (L + 

JTIME) is the corresponcling sample time. 

LENGTH Input. Lengths of observed data arrays. Thus, 

LENGTH(1) = length of array of observecl data for 

f i rs t  sensor; 

LENGTFI(2) = length of array of observed data for 

second sensor; etc. 

LOCT Input. Relative address of f i rs t  sample time in array 

COMM. 

NSETS Output. N~unber of sets of orbital data. Module 

GADSSO/ISISA is the customer. 

ORBIT Input. Orbital data array also refcrencecl by the 

ttforementionecl module. 

PROGID Program holler it11 identification. 

RPD Rntlians per  degree. 

SUN1,IT Ilollcrith idcrltificntion of f i rs  t sensor complcs to 

be proccsscd when the sljncccraft i s  in the sunlight. 
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5 - 0  Notes : 

5.1 httit~lrle Determination: At t i t~~de  determination i s  the tlctcrnlin:~- 

tion of the paramcters of tlic inotion. The least squares estinlntc 

of the par 'an~cte~s of the motion i s  obtainecl in module GADSLS. 

Upon successf~ll (normal) return from GADSLS, the desired output 

attitude is obtained by inocl~~le GADSAT whiclz ~ ~ l a l t c s  use of the 

results obtained in GADSLS. 

5.2 Types of Processing: The orientation of the angular lnonlentunl 

vector is best determined when the spacecraft is in the sunlight. 

Processing occurs in two distinct modes: sunlight and darlmess . 
Cases 1 and 2 call for different sensor complexes; SUNLIT and 

DARI<NS, respectively. Additional explanations can be fo~uld under 

module GADSLS. 

5.3 Conversion of SLUI Aspect Data: Because sun aspect data i s  

provided in degrees, they a r e  converted to cartesian conlponents. 

This is done by taking sines and cosines. For example, the z- 

conlponent is the sine function. 

5.4 Determination of the Mornentunl Vector: A special entry, GADS1, 

has been provided to de te rmb~e  the orientation of the angular 

momentum vector. This entry will allow the processing of optical 

aspect ancl Z-magnetolneter clata for the single purpose stated. 

No attitxcle output will be gcncratecl. The call slloulcl be: 

CALL GADS1 ($, $, MAXT, ATTIT). 

For best results, the clata for sensors ASPJ5Cfl' and Z G O O  shoulcl 

span a s  witlc a1 interval of tinlc as  i s  possible within a singlc pass. 

Upon return, the right ascension :mcl dec1in:~tion of the :ingular 1110111cn- 

tux11 vectol. will, if possil~lc, 1,c ul,tl:~tctl ant1 tllc r c s ~ ~ l t s  printed. 

Thcsc results will then bc slorcd for sul~seclucnt use unlil lhcy ;wc 

refined by thc llcst CALIJ  C;Al)Sl. 



5.5 Usage: The following stcps illustrate the usage: 

1. Prepare clnta from sensors ASPECT :mcl Z 600. 

2. CALL GADSI($, $, MAXT, ATTIT), 

3. Prepare data from all sensors. 

4. CALL GADS($, $, MAXT, ATTIT). 



Moclulc GAJISAC. (Auxiliary f~~nc t ion  chain) 

Calling Seclucnce: CALL GADSAC (F, X) . 

2.0 Catcgory: PORTItAN subroutine, GADS executive, lcvel 4. 

3.0 Purpose: 'Yo call the necessary awiliary function subroutines, if any. 

4.0 Variables: 

4.1 Explicit Inputs : 

X Array of intendecl system parameters. 

4.2 Explicit Outputs : 

F Auxiliary functions. Example, F could be the 

state vector. 

Intermediate ancl I i l ~ ~ l i c i t  1/0 Variables: 

LAUX Auxiliary function counter. 

LINKAU Input. Chain of auxiliary f~mction selectors. This 

ar ray is loaded from NCAUX in moclule GADSLS. 

NCAUX, in turn, is loacled by mocl~~le GADSIN accorcl- 

ing to the rules of Run Deck, cards  G14B. 

NAUXDI(I0 Input. Number of functions generatecl by at~xilia'y 

f~wction subroutine number I<. 

5.0 Notes: Rken fewer than 8 moclulcs a r c  callccl, the encl of a chain 

of auxiliary computations i s  signalled by the first zero elenlent 

in LINICAU. Note the s i n ~ i l a ~ i t y  with moclulc CADSDC. 



Moclulc GADSAI. (Attitude ilcm) 

1.0 Calling Seq~~cncc: CALL GADSAI(ATT1T). 

2.0 Category : FORTRAN subroutine, GADS wo slier. 

3 . 0  Purpose: To calculate or transinit special output calculations 

to the output array. 

Variables : 

Explicit Inputs: 

ATTIT Array of attitude output. This array variable 

represents one attitude item, in contrast to the - 
array of the same name in module GADSAT. This 

array is considered as an input and as an output 

because it may be partially computed in other modules. 

Explicit Outputs: 

ATTIT Output area. 

Intermediate and Implicit Input Variables: 

B Third Euler rotation matrix. 

C Second Euler rotation matrix. 

D First  Euler rotation matrix. 

E Euler transformation; E = BCDR. 

ORBVEC Orbit-yelatecl e n ~ i ~ o n i ~ ~ e i ~ t a l  vnriablcs. Sce 

inodule GADSSO. 

R Rotation matrix fronl C. E. I. to ausilinry systei~l. 

R corrcsl~on~ls to thcp transforintltion in Rcferencc 1. 

System pttr:un~ctcrs, See motl~tlc C;ADSI,S, Note 1. 



Notes: Tliis ~nodu lc  allows thc use r  to rcfcrcncc ltey attitude 

variables which 1nny be inclucled in each output nttitxude i tcm, 

Fo r  cxanlplc, tlic body nscs  a r c  givcn, in thc G. E. I. sys tcm,  

by the rows of E. Lilicwisc, the z-&xis of thc :~usilini-y rcfcrcnce 

(the angular momcntxuil~) is given by the last row of R. Statistical 

resu l t s  c'an also be obtainccl through the a r r a y  COMM. Refer  to 

the calling secjucnce of GADSST f rom inoclule GADSLS. When 

re fer r ing  to ORBVEC, thc u s e r  should remember  that this 

var iable  will not have been loaded s ince the l a s t  cal l  to GADSSO. 

To obtain updated resu l t s ,  the following instructions should be 

includecl in  module GADSAT just above CALL GADSAI: 

JSCODE= J 
CALL GADSSO, 

where J=1,2, .  . . depending on whether the solar vector,  magnetic 

vector,  -. . . is desired. 



Module GADSA I,. (Rq  trxlsSornration) 

1.0 Calling Secl~~cncc: CALL GADSAL(X). 

Category: FOnTltAN subroutine, GADS worlccr. 

3.0 Purpose: To compute the ideal coordinate tr,ansfornlation to 

bocly coordinatcs. 

4.0 Variables : 

Explicit hlputs: 

State vector containing the five angles a, b, (P, 6,  t,b 

which must be stored in the f i rs t  five locations of 

X in the order shown. These angles define the . 

instantaneous orientation of the vehicle a t  TIME. 

This module is especially designed for  use in the 

Euler method of parameterization. It is under- 

stood that: 

X(l)  = right ascension of auxiliary reference, 

X(2) = declination of auxiliary reference, 

X(3) = f i r s t  Euler angle, 

X(4) = second Euler angle, 

X(5) = third Euler angle. 

This is a typical exailiple of wcoi~iniunication by 

interl~etat ion".  Hence, GADSAL is coded in con- 

formity with the output variaklc I;', nloclule GADAO1. 

Also see  Run Declc, card G2. If the user tlesires 

to apply GAIX to a problem defined in tcrnls of 

roll, pitch, :uld yaw, for example, this motlule 

shoulcl be 'eplacecl by a similar  moclulc conforming 

to thc new clcfinition oS tho ,angles. 

Exnlicit 0ut1,uts : None. 



ALPHA Output. Right nsccnsioil ,angular momcnt~un o r  

other a t ~ u i l i a ~ y  rcfcrcncc. Sce Section ii, 

Reference 1, 

B(3,3) Output. Third Euler rotation matrix. See 

equation II.11a and 11.12, Reference 1. 

BC Output. The matr ix  product of B and C. 

BCD Output. The matrix product B, C, and D. 

See equation 11.12, Reference 1. 

c(3 ,3)  Output. The second Euler rotation matrix, See 

equation 11. I l b ,  Reference 1. 

CD Output. The matrix prodt~ct  of C and D. 

D(3,3) Output. The f i r s t  Euler rotation matrix. See 

equation 11. c,  Reference 1. 

DBDPSI Output. dB/d @. 

DCDTHE Output. dC/d 8. 

DDDPHI Output. dD/d 9. 

DEDALF Output. dE/d a. 

DEDDEL Output. dE/d 6. 

DEDPIII Output. clE/cl (9. 

DEDPSI Output. clE/cl @. 

DEDTHE OL~tput. clE/cI 0. 

DELTA OLI tl~iit. Declination oS angular momcnhu~l vector 

or  other a~wili :~ry rc!Serence. Sce AI,PIIA. 

DRDALF Output, c l ~ / d  a . 



DUMMAT Dummy temporary in atrLs. 

E(3,3) Output. The ideal coordinate transformntion to 

bocly coordinntes. Scc equation 11.9, Reference 1. 

KCCUTS li~put. False position clillcrentiation flag bits. 

See Note 4, GADSLS. 

KOCUTS See KCCUTS, above. 

KSCUTS See KCCUTS, above. 

MOTION Input. Type of motion indicator. See same 

variable, GADAO1. 

NONCE1 Input. Repetition inhibitor. See Figure 11. 

NONCE2 Input ancl output. Repetition inhibitor. See 

Figure 11 and module GADAO1. 

PHI Output. Fi rs t  Euler angle at TIME. 

PSI Output. Third Euler angle a t  TIME. 

R(3,3) Output. Transformation from inertial to auxiliary 

reference. R correspoilcls to the S; transformation 

in Reference 1. 

THETA Output. Second Euler angle at TIME. 

TIME Current tiinc in ~nilliscconds rcfcrenccd to origin. 

5.0 No tcs : 

5.1 l~ormulns:  Thc ccluntions programmccl in GADSAL corresl~ond to 

those of scclion 11, RcScrcncc I. All non-vanishing clcrivatives 

with rcsl)cct to the l v c  :ulglcs a,  6, q, Q,antl 5 / /  arc  also computctl. 



: Much computation can be excscised, clcpei~cling 

on the lypc of motion. Thus: 

MOTION -= 1: only $b changes with time, 

MOTION -- 2: oilly ~ ,and (p change with time, 

MOTION = 3: only $ , cP , and 8 chrmge with time, 

MOTION > 3: all angles change with time. 

For these reasons, the variable MOTION is interrogated. 

False Position Differentiation: When false position derivatives 

a r e  to be coinputed, i t  is not safe to assume that ALPHA and 

DELTA a re  constant. Therefore, the repetition inhibitor NONCE2 

is not invokecl in this case. 



Moclulc GADSAO. (Adv:mcc orbj  t t:~p~,e) 

1.0 Calling Sequcncc: CALL GADSAO. 

2.0 Category: FORTRAN subroutine, GADS esccutive, lcvcl 5. 

3.0 Purpose: To aclvancc I/O device containing orbital and 

environmental data. 

Variables : 

Explicit Inputs : None. 

Explicit Outputs: None. 

Intermediate Implicit 1/0 Variables: 

IBM Input. IBM = 1: input data in IBM format; 

IBM = 0: input data in UNIVAC fornlat, 

I< Input. K>O: - read forward; 

K<O : rewind before reacting. 

KOTAPE Input. FORTRAN unit number of input device. 

ICWORDS Input. Number of worcls in one input record. 

NCALLS Call counter. 

ORBIT O~~tput .  Orbit clata array. 

ORBIT1 Dumnly aclclress . 



Module GAIISAT, (Coinpule sp:tcecr:~ft nllil~rclc) 

1.0 Callillg Seclucncc: CALL GADSAT(TAIiIMY, ATTIT, ITEMS, 

ITEMST, MAXT). 

Catcgory : FOltTRAN s~tbroutiae, GADS executive, level 1. 

Purpose: To compute final fitted results, namely the attitude 

output a s  a function of time. 

Variables : 

Explicit Inputs : 

TARRAY Array of abscissae for which final results a r e  desired. 

ITEMS Firs t  d i~~lension of array ATTIT. 

ITEMST Fi r s t  dimension of array TARRAY. 

MAXT Number of abscissae in TARRAP and number of 

attitude output sets  desired. 

Explicit Outputs: 

ATTIT Array of attitude output, 

Intermediate and Implicit I/O Variables: 

GHOUTPUT Hollerith flag used to identify a sensor complex 

suitable for output calculations, 

ADRRIH See m o d ~ ~ l c  GADSML. 

ATEMP See module GADSML. 

CTITLS See module GADSLS. 

IGNORE See inodule GADSML. 

IT Pointer index for i snmplc lime. 

Il'RCIT Flag to cause lhc tagging of outliers. See module 

GADSLS. 



J S  Scnsor pointer  inclcx. 

JSCODE 

KSO 

LAUXG 

LC 

LDEQE 

LDEQF 

LDEQG 

LDEQP 

LDEQZ 

LDEQl 

NAUX 

NC 

NCUT 

NDEGF 

NDEQ 

NDEQl 

NONCE2,3,4 

N'I'OTF 

NTOTR 

PI~OC:ID 

SUM SQ 

S code o r  sensor  operancl cocle. 

Flag to recluest s e n s o r  calibration operator. 

Refer  to n~oclule GADSML. 

Sensor complex pointer  index. 

See module GADSML. 

See moclule GADSML. 

See module GADSML. 

See module GADSML. 

See moclule GADSML. 

See module  GADSML. 

See module GADSML. 

Total number  of sensor  conlpleses. 

See m o d ~ ~ l e  GADSML. 

See nlodule GADSML. 

See moclule GADSML. 

See 1110d~le GAI3SML. 

Scc 111 odule GAL)Sh/LL. 

Sce lnoclulc GADSML. 

Sec lrlotli~le GAIISXIL. 

Program iclcntificntion. 

Scc n ~ o d u l c  GAIIShIL. 



TIME E1:ipsecl tiilie in n-lilliseeoncls since TFIXED. 

TFU(EI1 Millisecond 01 ycar (or l:~uncll) itsccl as n lime base 

for calculations. Double precision. 

No tcs : 

Calculation of Final ltesults : 

This module perforins a function similar  to that of GADSML. 

That is, i t  provicles the necessary executive functions to calculate 

the predicted functions (attitude) using the abscissae provicled in 

TARRAY instead of those belonging to the observed raw data. It 

also inhibits all unnecessary f~mc tions such as  those connected 

with differential correction. The variable JETRAN is the saicl 

inhibitor. 

The user can provide whatever special calculations desired within 

module GADSAI. 

How the Sensor ancl Sensor Coniplex a r e  Chosen: Since the m o d ~ ~ l e s  

which perform the prediction calculations do so  with reference to 

specific sensors ancl sensor complexes, JS and LC must be 

assigned legitimate values. The former can be arbitrarily s e t  

to 1; the latter can point to any sensor complex. For most efficient 

use of computer time a sensor con~plcx with the least number of 

calculations should be chosen, i. e. , with the fewest number of 

paranieters. Such a complex will have the flag GIIOUTPUT in 

the corresponding array CTITLS. See Run Dccli, card 14-1. (\\lien 

no such con~l~ lcx  i s  fo~unrl, LC is arbitrarily sc t  to 1. ) 

IIow the Attitutlc Sanlplc Times a r e  Ilcterlnincd: 

MAXT attitutlc items will Ije compulcd for thc MAX'I' srunl)lc tinlcs 

( ~ * c f c r ~ c d  Lo TIWEI)  :ls in all othcr c:~lculatio~is). 



Tllesc samplcs times arc  assnmccl to bc in 

TARRAY (1, J) ; I <J<MAXT. - - 

For an cxnmplc, rcfcr to Note 5.1, niodulc GADS/lSISA. 



Moclulc GAI3SCS. (Couc spaccj 

1.0 Cxlling Sequence: CALL GADSCS($) . 
2.0 Cntcgoi-y: FORTRAN subroutine, GADS executive, level 2. 

3.0 R ~ r p o s e :  To allot core storage worlr space. 

4.1 Explicit Inputs: 

$ Alternate return if core storage recluirements 

exceed resources. 

4.2 Explicit O~~tputs :  No explicit output variables. 

4.3 Intermediate aud lmplicit I/O Variables: 

COMM Comnlon work area to be partitioned. COMM may 

o r  may not be "nan-iedtt common, but must be 

available to the entire GADS system throughout 

each call. 

IFREE Output. Tlie surplus of core cells, 

IQUIT Output. The niauirnun~ n ~ ~ m b e r  of iterations 

allotted to sensor conlplex LC. 

JTIME Output. Address of a data sanlple time relative to 

the data saniple. In GADS, JTME is assun~ed to 

be the sanic for all data. 

LAUXG OLltpi~t. Relative starting aclcli-css for auxilial*y 

fi~nctions. 

Input. I'ointer indcs for sellsol+ complcx tun<lcr 

exec11 tion. 

1,IIICQE Output. Itc1:llivc starting ntltlrcss ol' 15 t~ r rny  used 

in ~nodulc ADAMS. 



IJIll!!Q I? 

LDEQG 

LDEQP 

LDEQZ 

LDEQl 

LINIqF 

LOCA 

LOCAIN 

LOCAMA 

LOCANR 

LOCAXY 

LOCDU 

LOCDl 

LOCEND 

LOCFLG 

LOC IT1 

Srune as LDICQE Sor array Fe 

S ~ u ~ l c  as  LDEQE Sor ;irray G. 

Same a s  LDEQI': for a r ray  P. 

S a n e  a s  LDEQE for a r ray  Z. 

Output. Total space neecled for each of the 

preceeding ar rays  E, F, G, P. 

l3~1n1niy work space. 

Input. Relative starting address of f i rs t  observed data. 

Output. Relative address of l n a t r i ~  inverse in solution 

of normal equations. 

Output. Relative address of f i r s t  quasi-Taylor 

matrix of coefficients. See Figure 10. 

Output. Relative address of nornialized matrix 

of coefficients. 

Output. Relative address of unnornlalized matrix 

of coefficients. 

Output. Relative aclclress of f i r s t  clt~asi-Taylor vector. 

Output. Relatix~c address of f i rs t  residual. 

Input. Highest available aclclrcss. 

Output. Rclativc aclclress of flag nrr:ly used in 

cletection of outliers. Scc Note 3, GADSLS. 

Output. Rclativc adclrcss 01 f i rs t  p1-eclictcd scnsov 

ou tput Sunc tion. 

Samc :IS 1,OClpl for f irs t  gratlicnt, 



1 , 0 ( 3 1 C ~ l  Sai~lc :IS 1,OC:Fl lor  c~onst~-nint gt.:~tlic.nts. 

I ,O(;NOlt O t .  Itc~l;rt,i\~c :~ t l t l t - c l s s  for  ~~or i t~ :~ l jz :~ t io l i  1: lc~tol . s .  

Sctc v:~~.inl)lo Y ,  rliotlt~lc Gf\l>SNli ; t t ~ t l  ('i<C)lti~I, 

111 orlu 1 c GI\ IISS'J'. 

I.,O(:ONE Output. 1tcl:~tivc atltlrcss oC cc~.tain results 

oljtainccl from lnod~tle MATINV. 

LOCT 

LOCTEL 

LOCTOP 

Srune as  LOCA for  corrcspontling sample time. 

Sailie as  LOCFl for preclictecl teleinetry value; 

i. e. , for calibrated sensor output. See equation 

11.6, Reference 1. 

Output. Highest address needed to execute sensor 

coinplex LC. 

Output. Aciclress of f i r s t  V vector. See Figure 10. 

Same as  LOCVl for lVl3I< vector. 

Saine as LOCVl for Y ~lzatrix. 

Same as LOCVl for ilorlllalizecl Y vector. 

Sane  as LOCVl for Y 1  matrix. 

S~tb~out ine  call counters. 

Output. Total ilulllbcr of auxiliary fruilc tions , 

Output. 'I'otal number of timcs motlulc GAIISCS 

i s  e:lllctl. 

011 t p ~ ~ t .  I~;l'Scc~tivc tot:i1 numlx~r ol' tlill'crcn tial ( Y ~ L I : I -  

tioils wllctl pci.li~r/)ctl systc'nis ;ire t:tl;cn i~rlo :tcSc*ol~nt. 



Output. Sc;~~,c:ity of c o ~ - c  s11:icc int1ic:ltov: 

NTNS 

NTNSNU 

NT1 

NUM C 1 

NOCOItE - 0, no scnrcity 

NOCOIZE - 1, scarci ty 

'l'his Slag i s  r c f e r c ~ ~ c c t l  by motlules GADSML ruld 

GADSNE. 

Output. Mnsimtul? n ~ u n b c r  of outlier clctection 

t r ia ls .  See Note 3, GADSLS. 

Output. Mmirntuln i ~ t ~ n ~ b e r  of sensors  in col~nples LC. 

Output. M ~ ~ i m u i n  number of data points allowed 

fo r  any sensor  wit l~in col~iples  LC. 

Outptrt. NT*NS. 

Output. NT* NS:kNU, 

Output. Perllzailent s torage for  NT. See inodule 

GADS31 L. 

Outp~zt. This variable is usecl a s  a divisor cluring 

calculation of core  s torage r e c j ~ i ~ e r n e a t s :  

NT2 = 1, no scarci ty of core  

NT2 = NT1 = NT, scarci ty of core s torage 

Output. Maximtun 11~ullbc~ of active sys  tell1 para- 

nxctcrs csclusivc of multipliers. 

Output. NU; N11. 

0 .  NlJ t NII ;  i. P. , 1ot:~l I I L I I I I ~ ) C ~ L '  ol' ]):11';11x1~1(!1's 

to 1 x 2  acljusictl. 



NV 1. SCJ Soc NVI. 

NV2 Sce NVL. 

NV3 Scc N V l .  

NV4 Scc NV1. 

NZ Output. Total nunlber of scilsors being calibr:~ tetl 

in this complex. 

Notes: With sonle loss of speed, coi~siclcrable work core space 

c'm be rcliizc~uisl~ecl i f  i t  is allotted in compact form. This moclulc 

computes exact core r e c l ~ ~ i ~ e m e n t s  for each sensor complex. At 

f irst ,  the open core metl~od is attemptccl. Should this prove 

excessive, the addresses a r e  recomputecl in the coinpact methocl. 

If this metl~ocl sho~~lcl  also fail, the e r ro r  return i s  involied. 

The open nlethocl results in NOCORE = 0; the closed wethod 

results in NOCORE = 1. The open nlethocl has no advantage except 

d~wing checkout stages if i t  is desirable to obtain core clunlps of 

various arrays. 

The anlo~uzt of availal~le core space is detenninecl by the user who 

must supply this number in variable LOCEND before the f i rs t  call 

to GADSIN. Refer to user instructions. 



Motlt11 cl (IAIISIIA. (Jlntn pool) 

1 .0  C:rlling Sccjucncc: No1 :tpj)licnblc~, 

2.0 CnLcgory: FOltTltAN I)locli cI:lln, GADS esccutivc, lcvcl I. 

3.0 I>url,osc: To pool constni~ts  ancl other cl:lLa. 

4.0 Variablcs : 

ASTRSIC I-Iollerilh astcrislc for flagging refinccl p a r a n ~ c t e ~ s  

in  printout. 

AUXNAM Hollerith names of specialized f~mctions,  i. e. , 
auxiliary f~~nc t ions .  See RLUI Deck, ca rd  G11. 

CALIBP I-Iolleritl~ nanles of calibration constants acting a s  

s y s t e l ~ l  paranleters .  Blanlcs a r e  used to neutralize 

this  a r ray .  

CltGAniIM Cri t ical  value for the angle galnlna. See Note 1, 

moclt~le GADSLS. 

DIAGN Hollerith l i l ~ r a r y  of cliagnostics usecl by l~loclule GADSLS. 

DRiIILLS Millisecoilds per clay. 

DPR Degrees p e r  radian. 

EPS  Library of convergcilcc criteria.  See Run Decli, 

cnrcls G8. 

FILLFL l'lrg for idcnlifying tlala fills. 

ISrL'AN13 Maximum number oS s1ancl:lrtl clcrivnlive S~~nct ions.  

Scc 1-1-lotlulc (:AIISC;C :ul~cl Rtun Dccl;, carcls (;I::-2, ::, -1, 5, 



LAMBIN 

NBIT24 

ORIENP 

P I  

POIVER S 

RPD 

SEMIPI 

'YIA13E11 

I c o ~ ~ ~ l x ~ t c  tliJl'crcntin1 correct ions for only 

one value of R'larqu:~rcll's s A. 

2 : compute ~ l i f f e ~ c n t i u l  correct ions for two 

v:1lucs of x A ' 

See Note I, module GADSLS. 

Initial value for  LAhIBDM. The u s e r  may wish to 

u se  LAMBIN = I o r  2, depending on how well he 

lmows the co r r ec t  values of the system paanzeters. 

If in doubt, u s e  2. See also variable XLAMIN 

below. 

The ilun~lser of auxiliary outputs produced by the 

I< auxiliary f~ulction, such a s  GADAO1. 

A useful hit co l~ igura t ion .  See GADSTV. 

IIollerith names  of mo~ulting o r  geonletric constants 

acting as sys  ten1 parameters .  B l a ~ l t s  s e rve  to 

neutralize this a r ray .  

Ratio of c ircle1 s circunlference to i t s  diameter.  

Useful bit configurations, the f i r s t  16  powers of 2, 

Radians p e r  degree. 

Ilollcrilh i:~bcls corrcspontlitlg to the contents of' the 

array 7'0121C;N. Scc Scclion 2, l3sag.c. 

I,il)~*nry oS l ) c ~ t ~ ~ r l ) : ~ ( i o n s  lor  c a l ~ ~ \ ~ l : ~ l i n g  Salsc l)ositio~l 

tlc~riv:~tivcs. Scc lt1111 I)ccsl;, c : i~t ls  GO, 



X l < l ) ~ J ( ~ l i  C1.itic:~l v:lluo Sol. fiI:~rcju:~i+tll~s I i .  \ \ ' l l ~ l  I i < X I < l l t J ~ ' l t ,  

t l ~ c  grndic~nt I H C  thotl kxils to dclcct :t gratlicnt ;tncl 

i t  may bc colicluclocl t11:rt the gr:~tlicnt vanishes. 

Scc Note 1 a n c l  variable SKDU in motlule GADS1,S. 

XLAMBC Critical v:~luc of Marcluardtls s A. Scc module 

GADSLS. 

XLAMBM Maximum value for Il'lnrcluarclt1s x A. See nloclulc 

GADSLS. 

XLAMIN Initial value of Marcluarcltls s A. See moclule GADSLS. 

YMILLS Double precision milliseconcls per  year, 

Notes: The intention is to collect in this mocl~~le all constcants a11c1 

other q~~aii t i t ies which the user nlay q~~es t i on  o r  moclify. In this 

way changes a r e  simpli-fiecl. Note that most cj t~a~ti t ies may be 

chai~gecl after loading; i. e. , during executioil if  ctesirecl, so that 

recompilation is obviated. Arrays ORIENP a ~ c l  CALIBP shoulcl 

not be clistx~rbecl since they affect the decision processes. 



1 .0  Call ing Scclucncc: - C A L L  GAI)SI>C (I?, X). 

2.0 C:~tegorjr: FOIXrJ'llAN subroulinc, GAIIS csccutivc, I cvcl 4. 

3.0 I\trposc: To call thc moclul cs which co~nputc thc time clerivativcs 

of the clcsirecl a~kxiliary Itunctions. 

4.0 Variables: 

4.1 Explicit Inputs: 

X Array of intencled sys ten1 parameters. 

Explicit Outputs: 

F Derivatives of a~ksiliary f~~nct ions  or the state vector. 

&~terniecliate and Iinplicit 1/0 Variables: 

LAUX Auxiliary fi~nction counter. 

LINICAU Input. C11ain of auxiliary derivative selectors. 

This ar ray is loaclecl fron? NCAUX which is, in turn, 

loaclecl fro111 the RLUI Decli, card G14f, l y  n l o d ~ ~ l e s  

GADSLS and GADSIN, respectively. 

NAUXDI(I<) Input. N ~ ~ m b e r  of derivatives generated by I<th a~~xi l i a ry  

clerivative f~ulction s u b r o ~ ~  tinc. 

Notes: U'hcn fewer than eigllt mocl~~les a r e  cnllecl, the encl of a chain 

01 a ~ l s i l i x ~ y  dcrivativcs i s  signalled l ~ y  t11c l i rs t  zero clclllcnt nftcr 

LINIiIlU(8). 

Note the simil:x1.ity wit11 modulo GA DSfIC'. 



Motlulc  6AI)ST)l). (11i;ll:no:;tic p ~ * i n t o ~ ~  t) 

1. 0 Calling S(~lucncc: CALL CADSIIP. 

2.0 Category: FORTPLAN subroutine, GA 11s csccutivc, lcvcl 2. 

3.0 I'urposc: To provitlc gcncralizcd diagnostic printout. 

4.0 Variables : 

4.1 Explicit Inputs : None. 

4.2 Explicit Outputs: None. 

4.3 Intcrinecliate aid I i~~pl ic i t  1/0 Variables: 

DIAGNO Permanent ar ray of Bollerith cliagnos tics. 

JSOS Input. Diagnostic sub-type indicator o r  code ntull~bei-, 

I<SOS Input. Diagilostic tylse selector. 

KARD Input. Last  card pointer. 

RUNDEI< Permailent ar ray for run clecli card images 

in hollerith. 

Iilput. Name of calling program, hollerith. 



n~lotlul c (;A r)Sl)V, (13:r l :~  for  tlisj)l:~ys) 

1.0 C:xl ling Sc~lucncc: Not npp1ic:rbl c. 

2.0 Cntcgor\T: FORTIZAN b lo~l i  tlat:i, GADS high-spccd printcr c1ispI:rj~ 

suppor t only. 

Purpose: To proviclc a ccntralizccl grouping of disp1:~y const:~nts 

llecclecl only when using the high-speccl printer in place of the 

SC 4020. 

Variables : 

BLANKS Hollerith blalllis for clearing print area. 

BLANK1 Hollerith characters for left margin. 

DASHES Holiesit11 dashes for  horizontal gricl lines. 

DASH1 Hollerit11 characters for left edge of grid lines. 

EJNOT Hollerith space suppressing characters. 

JOPERS 1108 l 1  Jl1 operators for  partial word handling. 

See Reference 8 and Figures 13a and b. 

QUESTN Hollerith syinbols usecl to signal that the nunlber of 

data points residing in a specific grid cell escecds one. 

SY~! BLS Hollerith syn~bols  available for plotting. These 

conform, as  much as possible, to thosc of Refercncc 

10, page 11-81, also sho~wz in Tablc 4. 

VERrl'1C IIollcrith 1's for vc~-tic:~l grid lines. 



1 . 0  <::ill ing Scclucncc: CALL GAJISlTC (AAltltAY, FLG, AUXG , Al3M I' , 

AIIM I>, Ll)unI, MDUM). 

2.0 Category : FOIt TltAN subrou tiiic, GADS csccu tivc, level 3.  

3.0 P ~ t ~ p o s c :  To proclucc the calculation of prcclictccl functions. 

V\rficii numerical diffcrciitiation is rccluesteil, this moclulc also 

causes computation of all perturbations. 

4.0 Variables: 

4.1 Explicit Inputs: 

AARRAY Raw (observecl) data. 

FLG The outlier detection flag. During an outlier 

detection tr ial  (NTRIAL - > 0) and if the clata was 

previously fouild undesirable, the appropriate bit 

will be on. For example, assume that the observed 

data AARRAY is an outlier and that the source of 

the data was the (j-t-1) th participating sensor (see 

Glossary). Jii  such a case, the 2j bit in FLG is 1. 

LDUM Firs t  clii~lensioii of the output array AUXG. 

Tllerefore, LDUM is ecl~lal to thc number of 

a~wil iary  f~ulc  tions. 

MDUM First  dimension of thc output array AllnllF. Tllcrcforc, 

1,DUM is equnl to tllc number of iliffcrcnlinl ccluations. 

4.2 Explicit Outputs: 

ATJSG(i, j) l'liis L\vo-tlimcnsio11:~1 I~I'I-;LY ~ont:tins tllc c ~ ~ ~ r c n t  

a u s i l  ixry 1'1111~ Lions. '1'11~. l i rs l  intlcs i rctScrs to thc 

I'unclion. 1)uriiig nu~ncrical tliIl 'crc~~~li:~lioi~, tlle jLlr 

l)crLu~'l):ilioi~ ol' tllc it11 l'~~nc.tion is Ionncl i11 AUX(; ( I ,  j I I ) .  

Mo~-co\ l t>l ' ,  A[JXC;(i, 1) is Ill(. ~~nl)c~rtul.l,c.t1 scL o f  ft~nc.Liolls. 



A ) 'I'llis :II'I':LY is si111il:lr to AIIXG cxccpt 1h:tt i t  

cont:~ ins thc :lusili:rry rlcrivntivc I'unctions being 

nm~>crically integralctl in motlulc ADAMS. Sce 1tt1n 

Ilcck, carcl G14S. 

ADMP(i, j )  This array contains the interpolated valucs of the 

primitive functions of ADMF. (Note: The inte- 

grator ADMINT may be somewhat ahead of TIME; 

the integrator's current time is ADMT). 

ADMT The current time (niilliseconcls) in the integrator 

ADh'IINT. 

ATEb'IP Alternate location for raw data. 

AUXF Named co~nnlon area  for auxiliary fi~nctions inclucling 

the integrated f~~nctions.  This alternate location 

simplifies communication. 

CTEhiIP Preclic ted calibrated sensor output f ~ w c  tion. 

CTEMPl Predicted calibrated sensor output function used in 

module GADFC3. 

CUTD Temporary cell for perturbation. 

FTEA'IP Temporary preclic tccl sensor output filnc tion, 

engineering units. 

I'ILLFL 1 1 - 1  1  Scc moclulc GAIISIIA. 

I(; NOltlS 1'1:~g ~usetl to stop processing oS  :L sljcciSic obscrvetl 

<1;1ta. 



KSOl 

KSW 

MCUT 

NAUX 

NCUT 

NDEQ 

NFILLS 

NOBDAT 

NTOTF 

NTOTIt 

NU 

I'ltOC I11 

rrintE 

1J(: U'l'S 

lul~ut, Liitl\age : lusny sigt1:~lling "vegul :I lalsi" 

tlc~~iv:lLiv~s. Assulnc t1i:it Ll~is mell~ocl of tliffcren- 

tialioit is applictl to thc T<Uth systcln p:ur:unctcr 

am1 Lhc parantctci- occupics tlic lit11 :~cLivc position 

in tlic normal ccluations. Tlicn, LINI(nF(K)-I<U. 

Iclcal prccliction f~~nc t ion  selector. 

Non-icleal opcrator (calibration) rccluest flag. 

Type of calibration selector. 

Weighting selector. 

Systenl parameter pointer, 

KU1=1 during ilorn~al calibrations, and KU=2 

during calculation of per turbed functions . 
Perturbation counter. 

Number of auxiliary fimctions. 

Total number of perturbations. 

N ~ ~ n ~ b e r  of differential eclt~ations being integrated. 

Fill-data counters, osle for each sensor. 

See llzoclule GADSSP. 

Total ntul~bci- of fill-data countcr. 

Total nunnbcu of ~ e j c c t c d  dttta. 

Total n u ~ n l ~ c r  of :~cLivc p:lr:ullclc~s. 



Temporary location [or the weight l~mclion. Scc 

I I I O C ~ U ~ C S  GADSSP : L I I ~  GADLV0 1 L U ~ C ~  Ri11 Ilccli, 

cnrcls G13-9, G14:~-2,3. 

Moclule GADSFC is coilccrned with calci~latioi~ of preclictecl sensor 

output fiu~ctions. This mocl~tle is callccl once for each data point: i. e. , 
for each sample time. To acconlplish the reyuirecl calculations, the 

spacecraftrs attitude is predicted alc1 placed in the 3 x 3 mat r i ;~  E by 

module GADSAL. The pure parametem of the motion 'and TIME a r e  

usecl as inputs. Once E is obtained, the specific characteristics of the 

seilsor and sensor operand are usecl. These a r e  ha~cllecl by moclules of 

the type GADFOl and GADSSO. Furtherinore, when false position cliff eren- 

tiation is called for, GADSFC also computes the perturbed predictecl 

f~mctions with the help of mocl~~les GADFCl and GADFC3. As explained 

in Reference 1, the (predicted) cjualtities being fitted to the observed 

clata, generally, a r e  functions of fxtnctioils. The latter may, in turn, be 

functions of yet other f~~ilctions, and so on. In orcler to recluce recli~nclalt 

calculations, these pre l imh~ary fimctions are carried separately a s  ausi- 

l imy ftu~ctions. 81 this way, reference may be made later without re- 

cl~ulclz~t calculations. A~~s i l i a ry  f~~nct ions  are computecl in i~~oclulcs of 

the type GADAOl a le1  GADDO1. 

A t~~ i l im-y  ~ u ~ c L i o ~ ~ s  : 

;x) S1:mtlard: Tllc :iusiliary lii~lctioi~s arc a11 thosc whicl~ : ~ r c  rcqitirctl 

to constr i~ct  the ihuec. oj~cuators 5 , y, ;~nd Scc Scctioi~ 11. 

ItcScvcncc 1 . '1'11~ most b:~sic liu11~: tions : ~ r c  tllc 14:11l e r angl c s  \vllich 

:y,pc:w in thc itle:ll pi-ccliction oj~cl*:~lor, 111 Ihe So~*cc-J'l.cc cnsc, 

thcsc angles : ~ s c  ol~tainccl 1,y mc:uls ol' ccjualiotls 1V. 4 or lV,  6. 111 



the lorcctl casc, i t  may Ilc ncccssary to intcgr:~tc erjuations IV. 2. 

The fo r cc - l~cc  cascs a r c  I~:~ntllctl in tnotlulc C;AT)AOl, thc lorcctl 

casc in GADDOZ. 

b) Nonstnnclartl: Thc user may 11avc rcason to cariy additional 

auxiliary f~~nctions.  It1 this casc, hc is rccluired to codc his 

prograln(s) a s  GAIlAO2, 3, . , .8 :mcl/or GADDO2, 3, 4, . . .8, 
To insure that tllesc f~~nctioizs a r c  computed, the user  should follow 

instn~ctioizs as  outlined in R~uz Deck, cards 14b anel 14f. 

Note 1: All ft~nctions coded in modules of the type GADDOl a r e  

assunled to form a systelll of coupled first order differential 

equatioizs. That is, the resulting auxiliary functions a r e  the inte- 

grals  o r  prinlitives of those coclecl in the said mod~lles. Integration 

is attton~atically performed in moclule ADAMS. 

Note 2: Any single auxiliary modttle may produce inore than one 

auxiliary fuiictioa. For  exanzple, GADAOl generates a, b, lo, 8 ,  

and @, o r  a total of five fimctions. The izumber of f~~nct ions  gei~eratecl 

must be founcl in NAUXDI. See moclules GADSAC, GADSDC, and 

GADSIN. 

LTilzen ccrtaiil derivatives a r c  lo bc computccl by the n~etl~ocl of false 

position, tlzc perturbed and unl~crt~u'becl arrsiliary f~uzctions a r c  

autonlatically gcner:ttccI. The exception to this occturs when a 

ccrtain pasalnctcr does not affcct thc auxiliary f~uzctions, A pcrtur- 

bation in a calibration constant, for csamplc, ncccl not rcsult i11 c:11- 

culalioll of pcrtx~~bccl Ruler angles. In such cnscs, a flag hit i s  

insc~~tct l  in tho varinl~l c I,INI<IS J. llel'cr to motlulc (2AIlSIX. This 

I~ i t  is  tc:stctl in motl~tlc C;Al>lXl ,  



nTotllil(1 GflTlSG C:. (Gr:~tlient f~i-riction cIl:~ill) - 

1.0 Calling Secjucncc: CALL GADSGC. 

2.0 Cntcgo~*y: FORTRAN subroutine, GALIS csccutivc, lcvcl 3. 

3.0 R ~ ~ p o s c :  To proclucc t l ~ c  cnlculntion of a11 clcrivativcs necclccl 

in diffcrential correction. 

4.0 Variables : 

4.1 Explicit Inputs: None. 

4.2 Esplicit O~~tputs :  None. 

4.3 Interl~iecliate and Implicit 1/0 Variables: 

CUTD Pertxxrbation for use in ntmerical  derivative. 

DE L In13ut. Weighted resiclual computed in module 

GADSFC. 

GTEMP Temporary location for derivative, 

GTEMPl Teniporary location for icleal derivative; i. e. , for 

the derivative of the ideal (noncalibratecl) sensor 

output function with respect to para.nleters not 

affecting the calibration. Hcnce, GTEIvIPl i s  give11 

by fornzula V. 22b, Reference 1. 

IGNORE Input. Igiiorc the current olsservcd data flag se t  

in module GADSFC. \/\'hen clata is ignorccl, the 

rcsidual and associatccl clcrivativcs a r c  se t  to zero. 

JDEl'IIV Derivative selector. See motlulcs GADSIN, GAlll:Ol, 

GADCOl anel 7'ablc 2. 



howcvcr, I<SG is dclcrminctl I)y ,JDEItIV. Scc 

modules GADG26, 27, 39, ant1 40 lor  :UI cs:unplc. 

I< SO li~llput. Calibratioi~ rcclucst flag. Sec module GADSSI'. 

I<SO1 Input. EQUIVALENT to NOBDAT(3). See moclule 

GADSSP. 

Active sys tc l l~  parameter selector. 

Special flag: 

I(1 = 0 - process icleal clerivative as clescribecl 
under GTEMP1, 

K1 = 1 - process clerivative with respect  to cali- 
bration coilstants and geometric consta.nts. 

LIhTKG Input. Derivative selectors. 

LNKKGl Input. Parameter type selectors. 

NDORDR Input. Order of numerical clifferentiation; i. e. , 
the number of perturlsations on either side of center: 

NDORDR(1) - n~xnxber of perturbations for  
f i rs t  I t  active parameter", 

NDORDR(2) - number of perturbations for  
second "active parameter", etc. 

Note: Since pcr t~~rbat ions  a rc  computed on either 

sidc of center, twice NDORDR(I<) pertwbecl values 

of the l~redictccl sensor output f~~nc t ion  will result 

for t l ~ c  I<th pnrmletcr. 

NU Input. Total i~wnlscr of activc sy stell1 p:u-nm ctcrs. 

PErLTUlt lill~ut. Array of pcrturl~ctl functions computctl in 

GADl:C::',, 7'0 . ~ ~ i ~ t l c r s  t:md the ortlcr- o f  :q-tpc~:\rancc 

of thcsc l)crti~rl.x\tions as stouctl I)y tllc s:litl inotlulc., 

:~ssiumc Ll1:~t numcric:ll tleriv:~tivcs a r c  I~cing coin- 

p~itccl sor ptlrilnl ctcrs  u :u1tl v; thcsc ],:11~:uucLcrs ill'(: 



SENSID 

UCUTSl 

USRELl 

clcclnretl in Run Ilcclc c a r d s  (34-4, 5, in  111:il ortlcs; 

thcy occupy nclivc posil ions 1<U - I :u1c1 IZU - J ( I  l e s s  

than J), respcc tivcly ; ~211~1 NIIOPLI)R(I) - 2 aild NI>OIilllt (J) 

- 1. 'l'hcn the contents of I'ERTUR a r c  as follows: 

where,  

Input. Hollerith idelltification of cu r r en t  sensor .  

See module GADSSP. 

Input. Per turbat ions  neeclecl f o r  n ~ ~ m e r i c a l  cleriva- 

tives. See nioclule GADSIX. 

Input. arstcm-parameter-to-sensor relationship,  

if any. See  modules GADSIN and GADSJX. 

I .  Cur ren t  weighting f o r  data. 

Numcric:~l  Dcrivntivntivcs: 

Upon cnlry, thc army UNCIJrL'Sl con1:iins 11011-zcyo pc t r l~~rbnt ions  

I.ov t l ~ o s c  p:lr:~mctcus for which izruncrical clcrivalivcs arc to be t ~ o m j ~ u t c t l ~  

'I'hcse cn1cul:~lions :trc l)crl'or-metl I,cginl~iug wit11 s t a t c i ~ m l t  11unll)c~r. 1001. 



N, I-rall tho ortlov of thc n1111lcrjc:11 desivntive, is containctl jn :t13i-ny 

NDOR13R. Iiltcrn~cdintc ~ c s u l t s  are heltl in X J t F  :uicl YRlJ which 

:trc tile perturbecl abscissae ailcl ordinates, respcctivcly. Tlic fiiir~l 

gcneralizccl formuln is give11 just below statclllclit 1005. T l ~ c  m:ulllei- 

in which perturl~~ttioiis a r e  generatcct is also cliscusscd wider Section 

4.3, above. See variable PERTUR and Run Decli, carcl G9-1. 

Flow Chart: 

Further unclerstzunding of this module is provicled by Figures 3a and 

b ancl Reference 1, page 62ff. 



Motlul e (:ATISIN. (hi ti:l l i  z:~tion ant1 intcrpsc t:~tiol1 01 uses ins true tions) 

2.0 Category: FOItTItAN subroutine, GADS special purpose 

initialization. 

3.0 Purpose: To rcacl, intcrprcl, ancl t rmsla tc  the user instruction 

dcck olily once mcl to initialize the GADS system for attitude 

determination. 

Variables: Because of the s ize  of this module, i t  is clesira131c 

to cliscuss the processing in a descriptive way. Hence, we 

consider the coding in a semisequential manner. In the dis- 

cussion which follows, the ser ies  of FORTRAN statement 

n~unbers  1,2,  . . , 3 2  and 401,402, . . .432 correspond to the 

32 possible types of input controls. (See variable ENGLIS for 

the list of 32 controls. ) The latter ser ies  of statenlent numbers 

(400 series)  occur olily cluring initial processing of the pliysical 

control carcls. The former ser ies  re fe r  to regular (post- 

initialization) processing after all cards I~av e been reacl. 

Control 1 - loacls system parameter names into PARAMS, 

checlis for ilnpliecl paral~letrization, counts total n~ull~ber of 

parameters NU. If my 01- all of thc first JSTAND fields a re  blanl;, 

they are interprctecl a s  iinpliecl pnrametcrs. Each of these blank 

fields is rcplncccl by the corrcsponding col~tcilts of PCODES con- 

taining thc s t,?llclai+cl parameter namcs. 

Control 2 - 1o:~ls cstilnatcs of the systcin l ) ; ~ ~ a ~ n c t c ~ s .  

Control 3 - 10x1s accuracy of tllc cstim:ttcs. 11 the eslimntc is 

pcrl'cct, tlicil UACC should Ilc 1. 0 ;  i f  thc cstim:~tc is :t guess 

UAGC s\loulcl Ilc 0, 

Control 4 - 1o:ttls tlifl'cscnlial co~*rcclion ccmvcl-gckncc r c q ~ i ~ c m c ~ n t s  

o r  critcsi:~. I lu~ ing  dil'l'c~'cntinl c-01-i-cction, ch:tngcs (or fs;~ction:tl 

A-85 



cll:uigcs) in syste~xx p:~r:inicleus nuo conlp:~~ctl  with XI'S in ovclc~ 

to clelcsininc when s :~t isSr~cto~y convcrgcnce 11:~s been :~clijcvctl. 

Control 5 - proccsscs obscrv:lblc (scnsor) cards: 

1. Rcrkds scllsor titlc OTITLE, sensor operand code, 

sensor output f~ulclion type, fimction codc (if 'any), location 

ancl length ol: raw data in COMM. VariaIAes ii, jj, I<K a r c  

provided if  the user requires spccial-purpose cocles which 

coulcl be used in 111oc1ule SENSOR. 

2. Records n~asimunl length of raw data array, namely 

MAXNTO. This variable will determine amount of space 

needed for outlier detection. 

3. Initializes stanclarcl derivative codes and replaces the 

cocles according to user ' s  instructions, if  any. This occurs 

a t  Control 9. 

4. Processes derivative data, inclucling finding the para- 

meter  address aicl its type. Refer to Table 2 .  Computes 

the ar rays  NUMF and NUnilG containing the sensor ts  output 

function cocle ancl derivative cocles, respectively. TIILIS: 

NUMF(J) = output function number, sensor J ;  

NUMG( n ,  J) = derivatives ilu~llbers, sensor J. 

These derivative cocles a r e  paclcecl six lo a word. 

5. Rcacls scnsor clisplay data. 

G. lleacls the scnsor 111 o~uiiting typc :ulcl thc raw mo~mting 

constants wliicll clctcrminc thc gcomctry of the mounting. 

7 ,  1tc:lcls the scnsor c:ilibu:ltion type ant1 tlic: c:~lil~r:ltion 

j):ir7amclcus whic.11 tlc~lcrminc. tho tr:~nsl'o~-m:ltion oS cnginccring 

units to lclcmcti-y cotulls 01% vicc-vcvsii. 



8. Gcncr;~tcs NO13UArJ', 'l'hc c.onlcnts o S  lllcse cells a rc  

given ~ultlcv moclule GADSSI'. 

9, Rcatls ~veighting fnclor 013WGIIrl'. No tc thal this 

factor 111ay 13c supersetlctl i l  thc user stil3ulntcs n weighting 

function ~ui~clcr COMPLEX OF SENSORS. 

10. Calls moclulc SENSOR which t rans for~ l~s  'aw l~~otmtiag 

constants into direction cosincs and p~~for111s all other cal- 

culations of a once only type. Note that variable NG coi~lmuni- 

cates the type of geometry. The use r  can add special sensor 

calculations of his own in that module, if necessary. 

Control 6 - loads constraiat name, code, and function 

code, if any. Next the constraint's derivative codes a r e  

loaded. Constraints a r e  cliscussecl in Reference 1. 

Coiltrol 7 - processes seilsor con~plex data: 

1. Loads sensor complex iclentification o r  name and 

special controls, ilun~ber of iterations, special purpose 

cocles NURIIC, number of outlier isolation trials,  ignore 

conlplex flag, type of motion, and tolerance level for out- 

l ier  detection. The array NOBDAT is usecl for convenience 

as a dun~iliy . 
2. Loacls names of participatiilg scnsors ancl the clesired 

weighting f~~nct ion,  if any. 

3. Loacls n:mlcs of p:urticipnting systcm p :~ramctc~s .  

4. Compulcs ni-rays NCI? tulcl NCC which contnin l l ~ c  saillc 

inforlnation as NUhlllp an(\ NUh'lG but orp,anize(1 Ily 1);trtici- 

pitting scnso~* :ultl l)tu-tic*il):~tiilg l):ti-:~melcr, 'l'li~rs, Sor tl~c: 

1 tll colllplox, 



NCC( n , J, I) string of c1criv:~tivc l)ointcrs for 

thc J th participating sensor, pacltctl 6 lo :I wortl. 

I'turthcrinorc, thc ar rays  NUMCU altl NUMCV :urc gcner~~tctl .  

Again, for the It11 complcs: 

NUMCU( n , i) - string of pointers to access 

paranletcr library USC, 

NUMCV( n , I) = string of pointers to access active 

paranieter array. 

Both of these strings a r e  packed 6 to a word. Notice the 

reciprocal relationship between these strings: let the Jth elenlent 

of the first be the number K- then the Icth element of the seconcl 

string is the nun~lser j. Moreover, if  a given entry, the Mth, 

in the seconcl is zero, then the n t ~ n ~ b e r  M cloes not appear in the 

first string. These strings a r e  used to transillit system paranleters 

during differential correction in mocl~~le GADSLS. See Figure 8. 

5. Recorcls the total nuinber of participating sensors in the Ith 

complex, NSS(~). 

6 .  Records the maximum space that would be needed during 

outlier detection trials, NTS(1). 

Control 8 - processes the constraints in a sensor complex: 

1. Rends collstraint names ant1 nlultiplier codes. 

2. Generates ar rays  NCIIF and NCIIG which arc analogous to 

NCF tund NCG. Scc Control 7, nbovc. 

3.  Gcncr:~tcs the :lrray NUlYlCII which conl:tins tllc string of 

cons trnint pointers. 

4. ltccortls thc total n~uml~cr o f  constrainls in thc 1111 complcx, 

Nl IS(1). 



Control 9 - not uscd, 

Cont.rol 1 0  - ilot usccl. 

Conti-ol 11 - loads perturb:~tions lor coml~uting numerical 

clcrivativcs. B1:~lli ficlds a r e  assumed to bc implied pcrh~r l~at ious  

as  in Control 1. The array LINICUII is 1o:tclecl with the intergcrs 

which specify the order (clegrce) of pertx~rbation. See module GADSGC. 

Control 12  - processes display controls: 

1. Deterniines what is  to be clisplayecl. 

2, Deteriniiles wl~ich complex is req~~estecl.  

3. Determines the display level (cl~~antity). 

4. Deterliiiiies which sensor outputs a r e  recluested in the display. 

5. Deterliiines what sensor-relatecl clata i s  requested. The 

various types of sensor-related plots are :  

APLOT - raw data 

FPLOT - predicted sensor output 

DENSEF - sanle as  above with interpolated functional 

values to create a continuous appearing curve. (See Figures 

4 ancl 5 in Reference 1) 

ENVELP - plot the one sigma envelope 

TPLOT - plot tllc preclictcd t e l e i ~ l e t ~ y  values (calibrated 

theoretical output) 

RPLOT - plot residuals 

This info]-mation is  traiisnlittctl lo  moclulc CADSTV by utilizing 

control \\iol-(1s I~cII,PII(: (i). Let I<(: I ~ I \ P ~ I  - KGI'LPIIC (i). ~ l l o l l  

the Ilh sensor conll~lcx will 1-csult in t1ispl:lys accortliti:: to the 

i t  : e : i  i 1 'l'llc ~nc;lning of lhc  bits  : ~ r c  a s  follo~\fs:  



Power 
o f  2 Git Signifjc:mcc iS  13il is  On. 

Uispl:iy 1st scnsor in library. 

Ilisplay 211~1 scnsor in library. 

Display 3rd sensor in library. 

....(I 

Display 16th scnsor in library. 

Not used. 

Not usecl. 

Display raw data (APLOT). 

Display predicted points (FPLOT). 

Generate intermediate points (DENSEF) 

Generate * one sigma envelope (ENVELP). 

Display predicted telenietry (calibratecl) points 

(TPLOT). 

Display residuals (RPLOT). 

Superimpose all sensor curves. 

Not used. 

Not used. 

Plot final results of differential correction after 

all isolation of outliers trials, i f  any. 

Plot final results after each tlifferential correction 

loop converges; i. e.,  in-between each outlier 

tletection trial, if any. 

Plot thc curves at cach itcratioa o S  the clilcrcntinl 

correction loop. 



6 .  llct~tls clisl,lny controls. 17or clclails coiicciming lllcsc conll7ols, 

sce  Jiclcrcnce 10 ,  pages 11-11,12,13. 

Control l :I - proccsscs rcclucsl for numerical clcrivativcs: 

1. Rcacls namcs of pa rauc tc r s  clcsig~~atccl for n~~ inc r i c a l  

cliffcrentiation. 

2. Tests for the presence of at least one complex, NC # 0. 

3. Tests for the presence of previously cleclarecl perturbation nnc1 

relatecl cl~uantity (degree), NPERT # 0. ( See Control 11. ) 

4. Counts total nuinber of perturbed calculations, NCUT. 

5. Determines if the parameter was a calibration constcant o r  

a mounting constant. If so,  flag bits a r e  inserted into ICSCUTS 

ancl ICOCUTS, respectively. This is to indicate whether the per- 

turbed attitude calculations can be sliippecl. 

6. Generates the numerical derivative flags in ICCCUTS. Thus, 

if the jth systenl parameter was clesignatecl for ntuinerical differen- 

tiation, then the 2J bit in ICCCUTS will be on. Moreover, if the 

said parameter was also a calibration o r  orientation (mo~uiting) 

constant, the corresponding bit in ICSCUTS o r  ICOCUTS, respectively, 

will also be on. 

Control 14 - processes at~si l iary functions neeclccl in a given 

sensor comples. Auxiliary f~~nct ions  includc the state vcc tor: 

2. Gcncratcs the string of auxiliary modulc n~unbcrs  1,INIQIU. 

3 .  Counts the total null-tlxr o f  :tusiliary functions, NAUX. Each 

; ~ ~ i x i l i ; ~ ~ + y  111o(li11e m a y  gc:ncl';ilc scvcral oulpilts. 'l'his is  tlctcuminctl 

I,y NA UXI>I. Scc inoclulc C;AIISDh. 



4. (;cncrntes the switcll varial~lc KSAUX. Thc r:ungc :untl 

signiSic:~nce :we : 

I - no ai~xiliary ftulctions, 

2 - integration of cliffcrential equations only, 

3 = closed-form f~~nct ions  only, 

4 = closecl-form functions after integration, 

5 = closccl-form fi~nctions before integration. 

Control 15 - processes clifferential equations to integrate in a 

given sensor conzples. The state vector can be among them. 

The p r o c e c l ~ ~ ~ e  is analogous to the previous one. 

Control 16 - processes request to calibrate given sensors in 

a given sensor complex: 

1. Reads sensor names. 

2. Inserts calibration request flag into sensor output function 

string L ~ T I < F .  

Control 1 7  - loads the list of parameter names which a r e  sensor 

calibration constants and also loads the constantls pointer. The 

contents of the a r rays  CALIBP and KCPS a r e  as  follows: 

CALIBP(~, 1) = a sy s t en~  parameter name appearing 

in array. 

PARAMS. See Conti*ol 1. 

CALIBP(~,  2) = a sensor name appearing in array OTITLIC. 

See Control 5. 

I(CPS(1) tm integer pointcr in the range 1, 2, 3 ,  . . . 6 ,  

inclusive. 

I'rior lo tlic 1-cttirn, ~notlulc: GAIISIN intcrl,~-ct.s the ~~rccctiiizg nr'i'ays. 

See I)clow, Control 999. 



Control 18 - 1o:itls (he list oS 1):~~alnctcr  n:uncs wliicll :we sensor 

o~*icnt:~tion (mo~u~ting) constants :i11~1 also 1o:ttls the pointcr. The 

riction i s  analogous to thc prccedingi 

Control 10 - proccsscs special clcrivativc cocles. (Note that this 

action occurs under Control 5. ) 

Control 20 - illcgnl cli~ring regular proccssing. Refer to 

Control 420. 

Control 21 - loacls user identification for SC 4020 display. See 

page 11-2, Reference 10. 

Control 22 - loacls prohleill clefinition. This is includecl for future 

use when non-Eulerian method of parametrization inay he 

included in this moclule. 

Controls 23-32 - illegal during regular processing. Refer to 

Controls 423-432. 

The following controls a r e  referei~cecl only during the f i rs t  call 

to GADSIN, when INRSET=l, During this phase, rtul cards a r e  

processed. 

Control 401 - replaces tlle resident paranieter nalxes with those 

proviclecl. 

Coiltrol 402 - replaces the resiclcllt pnran~cter  estimates with 

those provided. 

Co~ltrol 40:; - the rcsiclcnt parameter nccuracy with 

those proviclccl. 

Conti-ol 404 - ~*cplaccs thc rcsidcnt p:irn~nctcr conrrcrgcncc 

rccliiivemcnts with tllosc provitlctl. 



Controls 4 12-416 - illegal during initinliz:~tion. 

Conh-ol 417 - scl~lrtccs rcsident parameter ca1ibr:~tions with 

t l~osc  puovitlcd. 

Control 4 18 - rcplnccs p a r a n ~ c l c ~  orientation (mounting) 

constants wit11 thosc providecl. 

Control 41.9 - illegal cluring initialization. 

Control 420 - loacls physical carcl cleclc into RUNDEIC, counts 

total nunlber of carcls, pads out ar ray RUNDEIC with STOP cocles. 

Control 421 - replaces the user resiclent identification with the 

one provided. 

Control 422 - replaces problem clefillition with the one provided. 

Control 423 - processes run clecli niodifications when card 

images a r e  resident in a r ray  RUNDEIq: 

1. Clears N4, the card c o ~ u ~ t  excess. 

2. Reads an UPDATE card containing I, J, I< controls. 

3. Deternlines whether tlzere a r e  any deletions. If not, J = 0. 

4. Coillputes paramcters needed in nloving card images: 

NO = -1-1 for nloving card images b a c k ~ a ~ c l ,  

NO = -1 for moving carcl iinagcs forwarcl, 

N1  - 1 for rcfcrcizcing tlzc s t a r t  of a card image, 

N1 = 14 for the cncl of a card image, 

N2 - the card iinngc number soLwce, 

N3 - tllc card irnagc ntulnbcr destination, 

N 101x1 numbcr of compittcr wortls illvolvctl in thc move. 



6. ltcncls li ncw card in1:1gcs. 

7. Atljusts Nil-, tllc card coiult excess. 

8. Continues with next UI'DATE c:lrcl aflcr tcsting for STOP 

UPDATE. 

Coiltrol 424 - prints and counts tile contents of RUNDEIC. 

Control 425 - no action. 

Control 426 - s tar ts  initialization of GADS system. 

Control 427 - no action. 

Control 428 - s tar ts  initialization of GADS system. 

Control 429 - no action. 

Control 430,1,2 - no action. 

Control 999 - s u n ~ n ~ a r y .  

1. Uses LINICF a s  temporary work space to pacli sensor complex 

data into NUMCI. Let LC denote a sensor complex, then the 

contents of NLVORI<2 a r e  as  follows: 

NWORIC2(LC, 1) = NUS(LC) = n ~ m b e r  of active paranletem, 

Nl\TORI<2(LC, 2) = NSS(LC) = ntmlber of active sensors, 

NbVOR1<2(LC, 3) = NTS(LC) = niun~bcr of raw data points, 

NWORIC2 (LC, 5) = NAUXS(LC) = number of auxiliary fi~nc tions, 

NMTORI<2(LC, 6) = NDEQS(LC) = nunlbcr of diffcrcntial ecluations, 

NI\'ORIi2(LC, 7 )  NCUTS(LC) = niunbcr of pcrhurbcd calculations, 

NUTORI<2(I,C, 8) - IiSWAUX(IIC) : I<SAUX (scc Controls 14,15), 

N\\KX'L1<2 (LC, 9) - NrI?RYS(I,C) NTRII3S (outlicr dc tcction), 

Nl\~ORli2 (IJC, 10) IGNORX(LC) ignore complcs f l:y,, 

N \ 0 1 2 ( 1 ,  I )  IC$IJIrI'S(T,G) - ~luml)cu ol' itcralions , 

N \ \ O l I 2 ( 1 ,  1 R4OrJ'NS(1,(:) lypc of motion, 

N \ \ 0 1 1 2 ( 1 ,  1 I )  NIlS(1JC) numt~ct~- of constr:tint s. 



2. Su~ni1l:t~izcs rcclucsts for adjusting cnlil~rntion const:lnts: 

a) cleterinincs if tlic ~ ~ , ? ~ * a n ~ c t c r  11n111c was :~clually 

incluclccl in PARAMS; if so, l i U  is tllc pointer, 

Is) clcterinincs if the sensor nanlc was actually includcd 

in OTITLE; if so, JS is the pointcr, 

c)  generates the control NUMCPJ alcl s tores i t  in 

NUMCP(JS). Consider NUMCPJ a s  a string of six, 

six-bit nuinbers clenotecl by the syinbols n l ,  n2, n3, . . . n6. 

Then 
n l  = system parameter pointer for raw calibration 

constant 1, 

n2 = systeln parameter pointer for raw calilsration 

constant 2, 

nG = system parameter pointer for raw calibration 

constant 6. 

Note that a zero entry denotes no ~-ecl~test. Hence, these 

cocles a r e  useful in accessing the ~ f i n e c l  calibration con- 

stant in the ar ray of systenl parameters during differential 

correction. See mocl~tles of the type GADGOl. 

3. Sunlinarizes rcclucsts for acljusting orientation (mo~ulting) 

const,mts. The action is  ~ulalogous to the prccecling. Thc varial~lcs 

NUMOP :uld NURIOPJ have siinilar roles 2s NUMCI3 ant1 NUMCI'J, 

rcspcctivcly . 
11. Clcars rcsct switch, 1NI'LSICT. 'I'his vnri:~blc is  initiixlly sc t  

to 1 in l~locl; tlatn module CAJISRI) :~ntl is c-lcnrctl here on thc f irst  

call to (;Al)SIN. \\rllcn lNltSI<'L' 0, ~notlttle GAlISTN tlocs not try 

to rc;~tl cal-(1s Ijtrt j)roccctls tlircctly to thc regular ])I-occssing whicll 



Us:1ge: Flfllcn nroclulc GAIISTN js ~in;ll~lc lo cornl~lctc thc inter- 

 elation of lllc 1-tun clccl<, the :~lteri?:tlc relturn i s  illvolictl. Ln this 

case, t l ~c  usc r l s  m:tin cxeculive prograni shoulcl not call GADS. 

Note t.11nt the GADS systcm has to be ovcrlaicl in computcr core, 

module GADSIN must 132 callcd when GADS is callcd. The run 

clccli is read only oncc. This mcans, however, that thc common 

area  RUNDEK must be retained in memory a t  all timcs. For 

further details, see Section 2. 



Motlulc (>AJ)S1)<, (Ini tinlixc coinplcs) 

1.0 Cxlling Scq~~cnce:  CALI, GADS=. 

Category: FOItTltAN sul~routinc, GADS csecutivc, level 2. 

3.0 Purpose: To initialize a sensor complcs. 

4.0 Variables: 

Esplicit Inputs: None. 

4.2 Explicit Outputs: None. 

4.3 Interinecliate and kllplicit I/O Varia131es: 

EPS Input convergence criteria. Normally se t  to . 100E-05 

in moclule GADSDA. Refer also to Run Decli, card 

G8-1. 

EPSl Output. Temporary storage for convergence criteria. 

KCCUTS Output. False position derivative flags. These flags 

affect GADSFC and GADSGC. 

KOCUTS O~ttput. False position clerivative flags associated 

wit11 orientation (or mouilting) constants. 

KSCUTS Output. False position derivative flags associatecl 

only with sensor calibration constants . 
I<U Si'ystem parainetcr pointer incles. 

LC Input. Sensor conil~lcs pointer. 

LINIL4U Outl~ut. Lin1ll;agc array for :lusili:~ry functions 

rcfercncccl in modules GADSAC and GAIISDC. 

LTNI<E J Outl~ut. 1,inl;age arrtqr usetl in moclulc GA1)l~I'Cl to 

clctcrn~jnc whcn motlt~lc GAIISAL, c;~n Ilc slii1)l)cti; 

i, c., whcn the coort1in:~tc tr;u~sSorm:~tion c? = ( / j /  

i~cctl not bc rccoinl)utccl. 



LINI<F Chttput. Linlrngc :xrray usctl in i-ftodulc GAIISFC to 

clctcrmine the lypc of pr  cdi clion lunc tion, the lypc  

of weighting, i f  any, :u~d the type of cnlibrntion, 

i f  my. 

LINICIC Output. Liilltage array used in moclulcs of the type 

GADDOl to obtain initial conclitions. 

LINImF Outlx~t. Linltage array usecl in moclule GADSFC to 

control differentiation by the false position methocl. 

LINICU Output. Linkage array used in module GADSLS to 

control the transmission of system parameters. 

LINICV Output. Linkage array used in mocl~~le GADSLS to 

coiltrol the transnlission of system p a r a n ~ e t e ~ s .  

LINICICG Input. Type of parameter codes or indicators. Used 

in module GADSGC to determine special procedures 

during computation of derivatives. See Figure 3. 

Refer also to variable LNICICG1 uilder modules 

GADSGC and those of the type GADFO1. These 

cocles may take on the following values: 

1 = pure paramcter of the motion which cloes 

not affect sensor operand (scc ecj~~ation V. 23, 

page 63, and page $)Off, Reference I), 

2 - par:lmctcr of thc 111otion affcc ting scnsor opcr:ui~d, 

3 - pxrnnlctcr moui~ting constant, 

IJNJ<I<C1 Output. Lin1i:~gc :tr~*:ty usct l  in ~noclulc CAIISGC lo 

c1c:tcrminc sl)ccinl puoccth~rc~s clitl-in:: the cso~nput:~Lion 

of thc tlcl-ivntivcs. 



NCAUX 

~ e n ~ i c  

NCF 

NFILLS 

NS 

NTOTF 

PAR,AMS 

POWERS 

U 

UCUTS 

UCUTSl 

USC 

U l ,  1J2 

I111lput. Tllc p;~cIicrl ljldingcs LINl<AU. E:~ch s~11sor 

comj~l cs has its own LINI<AU. 

Input. The prtcltctl lildiagcs LINI<IC. 

Input. Tlie paclied linliagcs LINICF. 

Output. Data fill counters to hc clearccl. 

Input. Nunlbcr of sensors participating in this 

sensor complex. 

Output. Total nunzher of data fills counter to be 

cleared. 

Input. Total number of active system parameters in 

this complex. 

Input. System parameter hollerith iianies. 

Input. Powers of 2 from 0 to 16, inclusive. 

0utl)ut. Refer to this variable in module GADSLS. 

I .  Perturbations used in rnocl~~le GADSFC for 

colizputing derivatives according to the nletlzocl of 

false position. 

Output. Tc lz~po~aiy  locations for UCUTS. 

Input. Library of sys tcn~  paranzeters for all sensor 

complescs. 

Input. S ~ s t c i ~ ?  pflrru~~~cter-scnsor relationship 

indicator, if  :uly. See nlotlulc GADSIN. 

Outl~ut. Tcinpornry 1oc:utions lor USI'LICL. Motlulc 

GAI)SGC: i s  thc custon~c~..  

Output. 'I'clnpol%:kry 1oc:~tions Sor s y  stcnl 1):iramc~tcrs. 

Scc csl)l;ul;ltiolzs tu~rlcr motlulc GAl)SI,S. 



No tcs : This moclulc l~rovides the interface bctwccn 111 odule GADSLS 

rulcl the resiclent controls which :ire mnint:xincd in pnclretl forill in 

nanlccl co~nnloil areas. Its role is complementary to that of 

moclulc GADSCS whicl~ is conccrncd with those aspects of initiali- 

zation relatecl to core  work space allocation. 



1.0  Calling Scqucncc: CALL GADSLS($, CTITLR). 

2.0 Cntcgory : E'OItTIU N subuoutinc, GADS esccutivc, lcvcl 1. 

3.0 Purpose: TO provide the csccutivc decisions for finding the 

least-scluares estimate of n s c t  of system parainctcrs. 

4.0 Varial~les : 

4.1 Explicit Inputs: 

$ FORTRAN alternate return, in case of failure, 

to obtain convergence in differential correction 

procedure. 

CTITLR Hollerith identification of f i rs t  req~tested sensor 

coniplex to be processed. 

Explicit Outputs : None. 

Important Interface Variables : 

COMM Input. This array contains the raw data a ~ d  corres-  

ponding observation times. See Figure 5. Under 

use r  instructions, specific cells ccm be cleared 

during the procedure called detection of outliers 

a s  cliscussccl in Note 3 below. 

TORIGN(1) b113ut. T l ~ i s a ~ r a ~ ~ i ~ i ~ n p o r t : u ~ t w l ~ e i ~ c p l ~ e ~ ~ ~ e r i s  

data mcl obscrvntion tinlcs a r c  not reScrcnccd to 

thc salnc basc tiillc or tilne origin. Its contents arc: 

TOIIIGN(1) - not :~ssignctl, 

1'OIiIGN(2) (lay of ycar  (or Inunch ycay),  

'FOlt IC; N(3) h o u ~  of tlay, 

' Y O  ( 4  111 inu tc oS Iloll~., 

'I'OILlGN (5) inillisccontl of ~ l l i n u  tc, 



TOIXIGN(G) -- yca r ,  

TORICN(7 :~ntl 8) -- double precision millisccontl 

of ycar. 

It is  also necessary to proviclc tllcsc clutu~titics Sor 

propcr identification of printcr output and displays. 

RcScr also to modulcs of thc type GADSSO. 

USC (I<, LC) Input and output. This array contains the initial 

estimates of system paranlcters. Upon succcssf~~l  

processing of the LCth sensor complex, for example, 

USC(I<, LC); K = 1 ,2 ,  . . . 3 2  contains the system para- 

meters as refined by the said complex. TVllen a 

scnsor complex fails to obtain convergence, the con- 

tents of USC(, LC) are  unclisturhed. 

U(K, L) Output. Upon a normal return from GADSLS, this 

variable contains the ilzost recently refined set  of 

system parameters, Note that the refinement of 

system parCameters cascacles. That is, the success- 

fully refined variables in a given sensor complex are 

transmittecl to the ensuing con~plex as initial ees timates. 

Hence, each complex benefits froill t l~e  experience of 

its prcdccessors ancl the results ill array U a rc  c~uil~u- 

lativc. Tllc uscr slloulcl not reScrci~ce U(, 2). 

LENGTII(J) Input. Nimbcr of raw data points Sor each scnsor. 

LOCATE(J) Input. Itclntivc st:uting address in COMnl for  cac.11 

raw data array. 

LOCT Inltiit. IXcl:.~tivc ;itlclrc~ss in ClOhlill o f  I'it-st ol~scsvation 

limo. Scc Figure 5. 



Intel-mctliritc tultl Iml~licit I/() V:uriablcs: 

ASTITSIC llollcrith :tstcrisk. Printctl ac1jruc;cnt to nrun~cs of 

systenl paramctcrs w11en they have been rcfincd. 

COh/lM Common a rea  contnliling raw data, sanlple times, 

ancl worlting space. 

CRGAMM Critical ganina. A criterion to decide whether to 

sllorten the step size in the nlethocl of steepest 

CTITLE 

C TITLN 

CTITLS 

CTITLX 

CTITLl 

CTOLER 

DEGF 

DIAGN 

1IONE 

121's 

descent. See Note 1 and Reference 2. The critical 

value of gamma is arbitrarily se t  a t  45'. See Figure 7. 

Hollerith titles used for iclentifying sensor complexes. 

Hollerith title of next sensor complex to be processed. 

Ilolleritl~ data related to sensor complexes. This 

array is EQUIVALENT to CTITLE. Also see  Run 

Deck, carcl G14a-1. 

Hollerit11 title of alternate next sensor colllplex in 

cast of e r ro r  (clivwgence in differential correction). 

Hollerith title of current sensor conll3les. 

Criterion, in st,mdard deviations, for detecting 'an 

outlier. Refer to Note 3 'and carcl G14a-1. 

Degrees of statistical freeclom. See NDEG F. 

IIollerith diagnos tics. 

Logical Slag usctl to intlicntc statc of c o n ~ c ~ g c n c c .  



I'rcsh outlicv countcr. Scc Notc 3. II~ltESII 

IGNOIEC 

IGOOD 

I'rnIAL 

IPRCNT 

IQUIT 

JFRESH 

J T m E  

ICGRAPH 

LAMBDA 

I'lag ~usctl to inclicr~tc if :L scnsor cornplcx shoul(1 Ijc 

ignorctl. IEcIer to R~u l  Dccli, cnrcl G14a-1. 

Uscful data point countcr. 

Temporary variable used in clctectio~l of outliers. 

See Note 3. 

Criterion used in detection of outliers. See Notc 3 

and Run Deck, card G14a-1. 

Maxilnum number of iterations. 

Fresh outlier counter for previous trial. See IFRESII. 

This variable is defined so that if COMM(1) i s  a 

specific observed data, then COMhI(1 + JTIME) i s  the 

associatecl observation time in milliseconds. Refer 

to Section 2. Thus JTIME + LOCT - LOCA. 

Flag indicating recluest for graphs. 

Pointer index used to distinguish between gradient 

metl~ocl (steepest descent) mlcl Newton o r  Taylor methocl: 

LAMBDA = 1 : gracliellt methocl, 

LAMBDA = 2: Newton methocl. 

n/Iar;in~lui~~ LARILBDA. N0~11in1ly LAhtBDM=2; whcn 

thc graclicnt l~lcthotl is no longer ncedecl, LAMBDRII- 1. 

Indcx for nctivc sensor complex. 



LOCA 

LOCAIN 

LOCAMA 

LOC ANR 

Linlirlgc :u.r:~y. Sce tlocurncntntion GAlISGC. 

Linkage to control the transn~ission of j,ai-:l1mctcrs 

frolll their st:u~cla~cl positions (as in U, PAltAMS) 

to their temporary positions in the norlnal ccjuntions 

(as in U1, U2, DV, VNAMES). Thus, i f  

LINI(U(1CU)-I<, tllc active parameter I< being 

by differential correction is  the I<U sys te~n  parnnlcter. 

See variable LINICV. 

Linltage to control the transmission of parameters 

fronz their teillporary locations to their stanclard 

positions. TIILIS if LINKV(K)=KU, the K system 

parameter is being refined by clifferential correction. 

This ar ray contains the same data as  LINKKG lsut 

arranged a s  dictated Isy LINKU so that the elenlents 

of this ar ray correspond to those of U1, U2, DV, 

and VNAMES. 

Relative location of the f i r s t  cell of the raw data 

input in COMM. 

Relative location of the f i r s t  cell of the inverted 

n l a t r i ~  of coefficients. See clocun~entation, moclule 

GADSCS alcl Figure 10. 

Relative locatioll of the f i rs t  cell of the l l ~ a t ~ i s  of 

cocfficicnts. See module GAIISCS tulcl Fig~ul-e 10. 

1lcl:itivc 1oc:ltion of the nornlalizcd ~nntri.; of 

coefficients. Scc ~noclulc GADSCS ~ulcl Ipig~urc 10. 

Atciilincy for LOCARlA. 

llc1:ttive 1oc:~tion of t l ~ c  cliffcrc%l?t.inl corrcctiotls 

(double precision). 



LOCENT3 

LOCFLG 

LOCT 

LOCTEL 

LOCYMA 

LOCYNR 

LOCYl 

NAUX 

NC 

NCALLS 

NCAUX 

ltclalivc locntio~l of tlle end of thc w o ~ l i  spncc, C'OI\{lM. 

Rclativc location of thc flags used in tagging outliers. 

Scc modulc GADSFC ant1 Figure 10. 

Relative locatioii of the f i rs t  cell of the time array. 

Relative location of the f i rs t  ccll of the preclictecl 

telcinetry array. At this LOCTEIFLOCFI. 

See Figure 10. 

Relative location of the highest cell used for work 

space not iilcluding those that may be recjuirecl by 

lnodule GADSTV to generate dense plots. AiIodule 

GADSTV tests for availability of space. See Figure 10. 

Relative location of the f i rs t  cell of the gradient 

vector. See Figure 10. 

Relative locatioil of the f i r s t  cell of the nornialized 

gradient vector. See moclule GADSMN and Figure 10. 

Relative location for a ser ies  of arrays computed in 

module GADSMN cluring differential correction. See 

Figure 10. 

Total i l ~ ~ r n b e ~  of activc a~~x i l i a ry  I~~nctions.  

Total nulnl~cr of nctivc co~nl~lcscs .  

I'acliccl linkag:.cs LINlL4U. Each complcs 1i:ts its own 

linl;:~gc, 



NCG 

NCOMM 
NDEBUG 
NFILLS 

NONCEl 

NT 

NTOTF 

NTOTR 

NTRIA L 

Storage nrr:ty lor. tllc p:tcl\-cd 1 inlcagcs LINI(G. Scc 

moclul c s  GADSIN, GAIISGC, 

EQUIVALENT to COMM. 

Fill-data counters Sor various scnsors: 

NFILLS(1) - nuinlser of fills for sensor 1, 

NFILLS(2) = nunlbcr of fills for sensor 2, etc. 

A flag, initially se t  to 1 and later se t  to 0 in moclule 

GADSAL, which serves to prevent uimecessary 

re-initializing. 

Sinlilar to NONCEl. Prevents uimecessary calcu- 

lations in nlodule GADAO1. 

Total number of participating sensors in a given 

complex, 

Total number of observecl data points for a given sensor. 

Couilter for total nunlber of fill-data. 

Counter for total n iun~be~  of rejected data points (outliers). 

A counter initially se t  to zero for each comples. 

NTRIAL i s  incrcmcntccl by 1 at  tile conclusion of cac l~  

s ~ ~ c c c s s f ~ ~ l  attelnpt to isolate ou tlicrs. See Note 3. 

Alasimutl? Nrl'l'LIAL. See Ibul Deck, cartl G l h - 1 ,  

ai~tl motlule GAIISIN. 

NURIC 



NUMCU 

NUMCV 

NV 

POIDl 

POID2 

POID3 

POWERS 

PROGID 

RSUMSQ 

SDEV 

SUh4SQ 

TEMPI-8 

TFIXED 

'i'1n4 E 

TIABEL 

'YOJ,lCNV 

Storngc nsray for pacliccl linliagcs LINIZU. 

Stroage array for pacltcd linlingcs l,JNJ<V. 

'l'olal number of active variables in a complex, 

inclusive of constraints. Note that constraints 

a r e  not used a t  this writing. 

Perinanent storage for system parameter names 

(hollerith). 

Printout identification (hollerith). 

Printout identification (hollerith) . 
Printout identification (hollerith) . 
Perlnanelzt array containing the powers of 2 1.112 to 16, 

inclusive, used in Boolean-like decision processes. 

Hollerith program identification. 

Square root of s~ulll of squared e r ro r :  

RSUhlrSQ(1) is used by gradient methocl, 

RSUhISQ(2) is used by Taylor method. 

Standard clevision of fit. 

Sum of squared errors. 

Eight temporary work locntions. 

Time origin in inillisecond of yenr (cloublc precision). 

'i'imc of a specific data. (A s :u~plc  timc. ) 

IIollcritll labcls 1.01. thc time printout. 

C:ri tcrion ~o~c I ' :~ I~c :c  C I I V C I O ~ C ,  ill s t:lnO;~l'(I (1c)vi:lt ions, 

for isolali~lg oullicrs. 



'I'ORIG N As I - :~~  containing the time origin in tlnys, hotu~s, 

rnintt tcs, millisccontls, millisecoutl of day, ant1 

milliseconcl of year. See cotling of module GADSSO, 

EQUIVALENCE statcmcnts, :mcl Section 2. 

UACC 

UCUTS 

UCUTSl 

UEST 

USC 

Transient s torage for thc sys  tcnl paranlctcrs . 
During differential correction, U always contains 

the best fro111 tlic previous iteration and is 

a back-up se t  of sys ten1 parameters. Note, the 

synlbol U in all other programs coincides with 

UTEMP, not with U. 

Array of numbers indicating the accuracy with which 

the systenl parameters a r e  lmown: 

1.0 = perfect accuracy, 

0.0 = no lalowledge at  all. 

Array of small i l ~ tn~be r s  of perturbations for use in 

numerical differentiation. See mocl~tle GADSFC. 

Same as  UCUTS but arr'angecl according to LINICU. 

Array of systenl paranleter estimates. 

Array of system parameters as  refinecl I3y each sensor 

eomples. Thus, USC(I<U, LC) is the ICU paran1eter 

as  refilled by the LC sensor complcs. 

Tenlporary locations lor systcin paramctcrs. 

Transient storage for thc system p:1r:unctcrs wllilc 

111al;ing :.Iilfcrcnl,ial c>orrection I ri:tls. 'I'hus, 

UlA( l< ,  1) is thc tri:ll lor g r : ~ d i ~ n t  I ~ I C ~ I I U ~ ,  

111 A ( l i ,  2) is tllc trial lor Newton 11-lcthotl. 



U2 EQUIVALENT to UlA(1,Z). 

VNAMES IIollcrith nanlcs for the variables in arr:~jr V. 

X I ~ D U  Multiplying factor for the gratlicilt method s tep  s ize .  

Refcr  to Note 1, synlbol k. 

XIiDUCR MJhen XI<DU<XI<DUCR, the gradient  has  vanished. 

XLAMB Donald Marquardt ls  A. See Reference 2 and Note 1, 

symbol x A. 

XLAMBC Cri t ical  value of XLAMB. When XLAMB is g rea t e r  

than XLAMBC, coilvergence is not accepted regard-  

less of the magnitucles of differential corrections.  

See module GADSDA. 

XLAMBM M a x i ~ ~ ~ u i l l  legitimate value for  XLAMB. Should the 

latter var iable  become excessive,  differential 

cor rec t ion  is not assumed divergent. See Diagnostic 

Pr intout  #G and ~l iodule  GADSDA. 

XLAMIN Initial value of XLAMB. The u s e r  may wish to 

modify this cluantity. The general r u l e s  a r e  a s  

follows: 

a) the more accurate  the init ial  estiillates of 

the para1neters are ltnown, the sn la l le r  XLAMIN, 

b) the nzore l inear  the l ea s t  scluares problcm, 

the sma l l e r  XLAMIN. 

Nolcs: 

(1) h'lethotl ol' M:~si-mum Neighl)or1~ootl: 

nllotlulc C;AIISLS uscs  filarcjutll-di's ~nctllotl o f  n ~ : i s i ~ i l u ~ n  neiglll>orl~oocl 

reportetl in ftcfcrcnce 2. 'l'llis is a tcchlticltici lor Icasi-scluurcs t l i l I (>r -  

cntial t:oyrc.ction tvhich combines ihc I ~ c s t  clu:tliLics of thc Ncwlon o r  

Taylor mctllotl :mtl thc nlcthotl 01' stcopest tlcsccnt (g~nt l ien t  mctl~otl). 



'I'llc f irst  irnporlal-tt stcp in al~plying Marcjilnrdt's tccl~nicluc i s  lo 

norn-talizc the Taylor ecju:~tions of condition, ecjualions 111. 24, 1):tgc 

22, Reference 1. 

NAU - 
Rcferencc 2 discusses the reasons for normalizing thcse ecluations. 

N ~ ~ n ~ a l i z a l i o n  is achicvecl as  follows: 

* 
d i  E AUi N.. 

11 
2 ,  and (3) 

Combining (2), (3), (4) with (I), we have 

As stated in Reference 2, this choice of scale amounts to using 

the standard deviations of the derivatives a-r/avas units of measure 

and allows us to regard A as  a matrix of correlations. 

After normalization, the nest  step is to construct the ecluation 

Clearly, a s  X approaches zero, this ecluation becomes identical 

with the Taylor methocl; i. e. , equation (5). Thus, 

;md, hence, is sonlctii~les cnllcd a cjuasi-Taylor vector. On the 

other hantl , 

1 ill1 X A  - 6 - g/xh .  (8 

111 this case, d bccomcs ~~nr:tllel to the gratlicnt vcctoi. g. Thc 

lilt1 its (7) i ~ f i t l  (8) rcprcse~l t  the pure 'I';ly lor :mtl pure g;r;tclicnt 

~ncthocls, 1-cspcctivcly. 'I'hc l~ t l l c r  mclhotl gu:~r;uitocs 111inilniz:llion 

ol thc stlunl-ctl clrror but convc~ges  slowly. 7'hc fo13mcr may clivcl.gcx 



in ilonlh~lea~. problems but h:ls good c*oilvc>rgencc j ~ r o p c ~ t i c s ,  

il'Z:lrcluarclt's incthotl consists of adjusting tllc m i s t ~ ~ r e  p:lram ctc17 s A 
to oi~taiil ol~tilnum convcrgencc cllnractei-istics. Thc program 

sy~nbol  for x A is XLAMB. 

M:~rcluarclt~s str:ttegy for convergcncc is illustratccl in Figure 7. 

Scvcral clm.ntitics not yct described a r c  involved. The f i rs t  is 

thc root-mean-squarecl er ror  a .  The corresponding program 

symbol is SDEV. This is the unbiasecl stanclarcl deviation of the 

rcsicluals (or of the fit) ancl is obtained from 

where y is the sum of syt~arecl e r ro rs  (residuals), N i s  the total 

number of data points, and NU is the number of indepenclent para- 

meters. Another iniportant cluantity is Y : 

Y - arccos ( ~ . g / 1  61  I g l ) ,  

the angle between the quasi-Taylor vector 6 and the gradient 

vector g. AGAMMA is the program symlsol for Y. In linear 

problems these vectors a r e  parallel. However, in non-linear 

problems they a r e  not, and hence, Y can be considered a measure 

of non-linearity. In Marcluardtls mctl~ocl, this 'angle is monitored 

in orclcr to clcterniinc when thc mixture paranieter x A sl~oulcl bc 

increased; i. c.,  when niore gradient :mcl lcss  Taylor is necdccl. 

For this ~ L I ~ ~ J O S C ,  Y C, the critical angle, arbitrarily se t  a t  45O, 

is usccl. St.ill a~othei -  important clunntity is  Ic for which the corrcs- 

ponding program symbol is XI<I)U. In o r c l c ~  to ~ indcrs  tru~tl the 

purpose of l i ,  :lssumc that U" I,c tllc array {ti1, u2, . . . } of sy s t c ~ n  

~ ) n ~ a m c t e r s  oI3tainctl :lt the nth i tcrntion step. 'l'll~ks, 



Evjdcntly l i  i s  a p:w:umctcr to control thc stcp sizc AU :mtl is  

normally sc t  to 1.0 but may 11c halved rcl,catcdly when tlift'icully 

i s  found in reducing a . In such a sitx~ntion, only tlic gratlicnt 

solution i s  needed. 

For  further clarification of Marc1~1:~~dt's tcclmic~~~e,  refer  to 

I'igxre 7 ,and Reference 2. 

(2) The ?Vansn~ission of System Parameters:  

The application of the methocl clescribecl above results in the need 

for nzaintaining several se ts  of system parameters which are 

describecl in the following paragraphs. (See Figure 8. ) 

The array USC(KU, LC); l<KU<NU, - - l<LC<NC, - - contains NC sets  

of NU initial values for the system parameters. (One paranzeter 

s e t  is assigned to each sensor conzplex. ) During the processing 

of each sensor conzplex, the LC se t  of parameters is transferred 

to the a r ray  U where it will be upclatecl only after each s u c c e s s f ~ ~ l  

iteration of the differential correction loop. U is thought of as  a 

bacl<-t~p array of par  anzeters. The array UlA(KU, LAMBDA) ; 

LAMBDA = 1 , 2  on the other hancl, contains the sets of tr ial  systenl 

parameters used in the strategy for convergence by the maximum 

neighborhood methocl. Initially, U1A is iclentical with U, but U1A 

is moclifiecl at  every trial clifferential correction step. In referring 

to the prograin, note that U 1  i s  ecluivalent to UlA(1, I), U2 to 

UlA(1,2). 

12 tliffcrcntial corrcction, thci-eforc, tllrcc possil,ilitics ar ise :  

a) U 1  nlay Ijc the best choice, 

11) U 2  in:~y be the I ~ c s t  choicc, 

c )  Eotll U l  nntl U 2  11roducc worst rcstllls tlliul U, 



Clearly, the corvcsponding actions a r c  

Uccausc all worltcr prograins maltc s t r ic t  rcfcrencc to UTEMP for 

the system paraincters, this ar ray nlust always contain tlie 

intended se t  of systenl parameters. Thc transmission of system 

parameters is illustrated in Figure 8. Note that this method 

is more  efficicnt, in terms of computer time and core space, 

than the use of calling sequences. In GADS, the unusually large 

number of worlier subroutines malies calling sequences inlpractical. 

(3) Detection of Outliers: 

If the user  desires, GADSLS will attenipt to detect ancl discard 

outliers. These a r e  defined a s  observed data points which fall 

outside a certain neighborhood centered a t  the predicted theoretical 

output. This neighborhood is nzeasured in units of a (standard 

deviations) ancl i s  given by the user. Refer to RLUI Deck, card l4a-1. 

After convergence has been achieved, if  the user  has 

the detection of outliers (i. e. , if he has p~mched non-zero in the 

field corresponding to NTRIES in the saicl card), tlie fitting process 

will be repeatecl neglecting outliers. Tlie repetition of a fitting 

process is called a trial ancl the number of trials is countccl by 

the variable NTRIAL. GADSLS will rcpcat the trials until 

NTRIAL = NTRIES(LC). Figure 9 illustrntcs tlie strategy for 

clctcction ant1 isolation of outliers. Note that cluring each trial,  

tlic n~miI)cr of frcsll o i~t l icrs  i s  countccl in vari:iblc IFltESII. \\'hctl 

this counter inclecnscs from olic trial to the ncst, tlic isolation 

of o-cltlicrs is  con:;itlc~ctl out o f  control :uitl 11:tltetl. 



This method for isolation of out l icrs  i s  crude niitl slio~ilti he 

:~voitlctl. \\'hen lllc d:tln contnin rand0111 e r r o r s  with a definite 

well-bcllavccl s ta t is t ical  dis tributioil, this n~c thod  i s ,  in fact, 

erroneous. It may bc uscf i~l ,  howcvcr, in clctecting x wilcl point 

such a s  may 1.esult froill bit clropouts. Bit dropouts may occur  

in ~ l i g i t i z e ~ s ,  trtulsmitters,  rece ivers ,  and in processing mag- 

netic tapes. Soinetimcs wild points inay be cai~secl by bit clropins 

which a r e  products of electronic crosstallr (observecl in OSO-B). 

Wild readings caused by geometr ic  shaclowing can, ancl should, 

be  11andlecl by the geometr ic  operators .  See Reference 1 and 

r e f e r  to moclules of the type GADFO1,02,03. . . . 



Motlulc GATISML. (M:~in clata. loop) 

1 .0  Calling Scqircncc: CALL GAI>SML(A , Y,  NL). 

2.0 Category: FORTItAN subi-outinc, GADS executive, lcvcl 2. 

3.0 I'ui-pose: To perfoi-in the calculation of all rccluircd preclictecl 

functions, derivatives, and residuals Sor a givcil sensor complcs. 

These calculations are performed Sor each pertinent observation 

sample time. 

Variables : 

Explicit Inputs : 

NL Total nunlber of active system parameters. 

Explicit Outputs : 

A(NL, NL) Uinormalized matrix of coefficients in the least- 

squares equations of condition. At this writing, 

A is in double precision. See equations III.22a, 

b, c, and III.25a, Reference 1. 

Gradient vector in the least-squares equations 

of condition. At this writing, Y is also in clouble 

precision. See equations 111.22~3 and III.25b, 

Reference 1. 

Intermecliatc a l c l  Inlplicit 1/0 Variables: 

ADrj-111 Input. Stcp size Tor n~uncrical  integration module. 

RcFcr to inotlulc AIIAMS. 

Current tinlc (milliscconcls) in tllc said numerical 

integration ~nodulc. 

Tcmporxry location for ol~servetl tl:11:~. 

Computctl rcsitlual; i. c?. , thc tlifl'crcncc I)ct\vccn 

protlictctl ant1 ol~sc~vccl  I'unclions, 111C1, Ti - yi . 
Scc cqiintion 111. 1 1  , 1tclorc~ncc 1. 
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IGOOD 

IPRECI 

I T  

JETRAN 

J S  

JTIME 

LAUXG 

LDEQE 

LDEQF 

LDEQG 

LDEQP 

A i1:lg. M'1.1cn n given data  point i s  found objcctionnble 

for  :my of scvcral  masons ,  IGNOTEIS llng is s e t  to 1, 

Otfierwisc i t  i s  zero. See modulc GAXISFC. 

Countcr for  acccptablc data  points. 

Internal FOItTRAN parameter .  IPRECI is equal to 

1 o r  2, depending on whether A and Y (output 

var iables)  a r e  single o r  double precision. 

Pointer index for  the i data  sample. 

Flag to inhibit a l l  calculations except 8 = @g t r ans  - 
formation. Refer  to module GADSFC. 

Pointer index fo r  the j sensor .  

See JTIME under module GADSCS. 

Starting relative location of the auxiliary functions. 

See modules GADSLS, GADSCS. 

Starting relat ive location of the E a r r a y  for  the 

numerical  integration lnoclule ADMSET. 

Starting relat ive location of the F a r r a y  fo r  the 

n ~ ~ n ~ e r i c a l  integration n~oclule ADMSE T. 

Starting relative location of the G array for  the 

numerical integration module ADMSET. 

Starting relative location of the P array for  the 

numcr ic t~ l  intcgr:ltion moclule ADMSET. 

Starting rcl :~t ive location of the Z a r r a y  for  thc 

numerical integration n~otlulc  AIIMSET. 

'l'ottll n u ~ n l ~ c r  of cliffcrcntinl c~qu:ttions, inclutling pci-- 

turbecl ccluations for  u sc  in nuincrical tliffcrcntiation, 

to bc intcgrntctl tulclcr moclulc AIIARIIS. 



LOCFLG 

NAUX 

NCUT 

NDEGF 

NDEQ 

NDEQl 

ASI-LI~ cotltaining vclntivc s l~ l r t i i~g  ndclrcsscs oS llic 

unw inpul data Sou each scnsov. Itcfer also to n~oclulc 

GADSIN, GADSLS, nncl Figure 5. 

Starting acldress of the Slag nrr:iy usecl in outlicr 

detection. See moclules GADSLS and GADSFC. 

Total number of a i ~ s i l i a ~ y  functions. See Run Decli, 

crcrcl G14b. 

Total number of parameters for which numerical 

differentiation (regula falsi) has been recluestecl. 

See Run Decli, card G14c. 

Total number of observations reclucecl by the to 

number of outliers, fills, and active parameters. 

Number of unique differential ecluations being inte- 

grated under module ADAMS. Note that 

NDEQl = NDEQ * NCUT. 

Total number of differential ecli~ations being integrated 

including perttx bed equations used to estimate 

derivatives by the ~lzethod of false position. See 

variable NDEQ. 

See moclulc GADSLS. 

See moclule GADSLS. 

Scc lnodulc GADSLS. 

Sce modulc GADSLS. 

N ~ t i n l ~ e ~  o f  active scnsovs in n givcn sensol- complcs. 

Nunll~cr o f  obscl-v:~t.ions Sou a given sensor, 



NTOTlt Total  number  of  ou t l i c r s  o r  rcbjccLs. 

NU Numbcr of activc s y  s tcm p a r a ~ n c t c r s .  

SUMSQ S u n  of scluarcd wcightccl res idua l s .  

U2 A r r a y  of par t i a l  dcrivalivcs.  Scc  module GADSGC. 



Module CAIISMN. (M~t~i inum ncighl~o~llootl) 

1 .0 Calling Scqucncc: CAI,I, GADSMN($, A,  B, Y, DU, ANOI'LM, V, IIV, 

X LAMED, NL) . 
2 . 0  Category: POIITRAN subroutine, GADS exccutivc, level 2. 

3.0  P ~ t ~ p o s e :  To conzpute the quasi-'raylor o r  differential correction 

vector. 

4.0 Variables: 

4.1 Explicit Inputs : 

$ Er ro r  return in case of singular covariance matrix; 

i. e., matrix of coefficients. 

B(NL, NL) Double precision normalized covariance matrix. 

Y(NL) Double precision normalizecl gradient vector. 

ANORM(NL) Double precision nornialization factors. 

V(NL) Array of intended system paranleters. 

XLAMBD Marclttarclt's mixhtre parameter x See Note 1, 

Module GADSLS. 

NL Total n t u n ~ b e ~  of active parameters. 

Explicit Chttputs : 

A(NL, NL) Double precision inverse of the cl~tasi-Tnylor matrix 

of cocfficicnts. 

DU(NL) Doublc precision qu:lsi-'l':kylor solution o r  gradient 

vcc tor. 

IIV (NL) Single precision ccluiv:ilent of DU. 

V(N1,) Single precision correctcrl s y  s tcm p:lranlctcrs. 



Jnt crnlctli;~tc :ull(l J inl~licil  I/O Vnri:d)l cs : 

DPR Dcgrces  per rad ic?~~.  

s u ~ l  ( d * 1 '. s e e  Note 1, r n o d ~ ~ l e  GADsLs. 

SUM2 I g 1 . Soo Notc 1, ~ l ~ o d t r l a  GADSLS. 

SUM3 b * . g . See Note 1, ~l lodule  GADSLS. 

TEMP3 I d  * 
I 

1 See Note 1,  nodule GADSLS. I 

TEMP4 I g I . See Note 1, module GADSLS. 

TEMP7 6 * . g / l d  d( I /  g l =  c o s ( Y ) .  

See Note 1,  nodule GADSLS. 

TEMP8 Y . See Note 1, module GADSLS. 

XKDU k . See Note 1, module GADSLS. 



Motlulc GADSNE. (Normal cquntions) 

1.0 C:~lling Seclucncc: CALL GADSNE ($ , A, Y , NK). 

2.0 C:ltcgory: I'ORTItAN subroll tinc, GADS esccutivc, lcvcl 2. 

3.0 Purpose: To norn~alizc the cclt~ntions of condition. 

4.0 Variables: 

4.1 Explicit Inputs: 

$ Alternate return in case of division by zero. 

A N ,  I ,  1 Double precision matrix of coefficients as  computed 

in GADSML. 

Y (NIC, 1) Double precision gradient vector as conlputed in 

GADSML. 

NK Total number of active variables. 

Explicit Outputs: 

A(NI<, NI<, 2) Double precision normalized matrix of coefficients. 

Y (NI<, 2) Double precision normalized gradient vector. 

Y (NIC, 5) Double precision nornlalization factors. 

Intermecliate and l i~~p l i c i t  I /O Variables: 

I<SOS Diagnostic print selector. Sce Section 4. 

Notes : 

The Normal I!kluations: Calculating t l ~ c  clcmcnts of the normal 

ccluations involvcs tllc usc  01 ccl~~ntions 111.22, 23, and 24 in 

Rclcrcncc 1. 'l'his ~-cSc~-encc uses the symbols N :uld r in placc 

ol A ~ulcl Y, rcsl,cctivclg~. r (01. P) is cnllccl thc grntlicnt vcctor 

(sce Reference 2) 1,ccartse i t  is  closely rel:~tctl to t11c grntlicnt o S  

tile squal-ccl cl-]-or function q. Also see  ccju~ition 111. 10, llcl'crchncc 1. 



Normlxlization: 

Tlle proccdurc lor norlnalizing thc m:xtrices A and Y is tlcscril>ccl 

in Notc 1, nioclulc GADSLS. 



C:tlling Scclucncc: CALL CmDSPT. 

2.0 Category: FORTRAN subroutine, GAIIS cxccutivc, lcvcl 3. 

3 . 0  Purpose: 'I'o trnnsfcr tlic refinccl parante ters  from onc sensor 

contplex to tltc next cxccutnble scnsor complex. 

Variables : 

Explicit Inputs: None. 

Explicit Outputs : None. 

Intermediate ancl Implicit 1/0 Variables: 

J S  Sensor pointer index, 

LC Input. Next executable sensor complex pointer index. 

LINKCP(J) Input. These cluantities a r e  defined in module GADSSP. 

LINKF (J) Input. See GADSFC and GADSIN. 

LINKOP(J) Input. See GADSSP. 

NS Input. Total number active sensors in sensor complex LC, 

NUMCP(J) Input. Refcr to GADSSP. 

NUMOP(J) Input. Refer to GADSSP. 

NO Index to select  a ccrlain scnsor in the sensor library. 

OBCOEF Input. Library of ohservablc (sensor) cnlibrnlion 

coefficici~ts. Scc Run Dcclc, card G13-8. 

OERIO UN I t .  Library of obscrv:~ble oricntntion (~nouitting) 

constants. Scc R~un Ikcl;, card G13-7. 

poncls to U'l'EMIJ in motlulc CADSLS. Scc Notc 2, 



USC Ot~tput, 'l'hc library of sys teill pararnctcss. (See 

the c1isc:ussion referei~cccl undcs variable U. ) 

Notes: 

Source cmd Destination Aclclresscs: Since the purpose is to 

transmit the 'cfined (improved) parameters from the incumbent 

sensor coinplex to its successor, it is clcnr that the source is  

UTEMP, the most refined set of system parameters in GADSLS. 

Tlie destination is simply USC, the library of sensor complex 

parameters. 

Geometric ancl Transfer Function Operators: When geometric 

and/or transfer function operator parameters are  being refined, 

the results should be returned to their respective libraries, 

namely OBMOUN and OBCOEF. 

Whether the NO sensor has such parameters is determined by 

variables NUMOP and NUMCP. These are  comp~~ted in GADSIN. 



X4otlu I c GAJISlt l .  (Sensor-rclntcd eons tnnls, typc I )  - 

2.0 Category: CALL SENSR1. 

3.0 Purpose: To computc cartesi,m clircction cosines of a vector 

defined by two angles @ ancl O . 
4.0 Variables : 

4.1 Explicit Inputs : None. 

4.2 Explicit Outl3uts : None. 

4.3 Intermediate and Implicit I/O Variables : 

KGRADIC Input. KGRADK indicates a reqt~es t for gradient 

of geometric operator: 

0 - no request, 

1 - request gradient. 

OGAMMA Output. Fast access area for cartesian direction 

cosines of observable (sensor) sensitive axis. 

OGAMMD Output. Fast access area for the clerivatives of 

the direction cosines wit11 respect to the raw 

geonzetric constants. 

OMOUNT Input. Raw gcomctric constants in fast access area. 

TEMP1 0, radians. Scc Run Ikclr, card G13-7. 

TEMP2 0 ,  raclims. Scc I11m Dcck, card G13-7. 

TEhlIP3 cos 0, 

7'EM 1'5 cos Q j .  

TICMPG sin 0 .  
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Purpose: 

This module is clcsigncd for sensors whosc outl~uts can be thought of 

as  a dot liroclucl bctwcen thc scnsorrs sensitive ,axis :~nd some cnviron- 

incntal variable such as  the magnetic ficld o r  solar radiation. EIcncc, 

the raw geometric constants a re  interpreted a s  (i3 and 8 . See Figure 16. 

When the user  wishes to account for a different type of sensor, he 

should observe that: 

1. The outputs computecl a r e  usecl by niocl~~les of the type GADFO1, 

GADGO1, and GADCO1. Tlris means that he is f ree  to use his own output 

a rea  instead of OGAMM and OGAMMD, if 11e clesires, provided that the 

said customer lnodules a r e  progranzn~ed accordingly. 

2. The raw constants appear in OMOUNT just a s  they weye reacl by mocl- 

ule GADSIN, card G13-7, ancl a r e  referenced only by modules of the present 

type. Therefore, the user  is free to define these constants in whatever 

way is convenient. 

As  stated ~mcler the Notes for moclule GADSSR, the main concern of these 

nloclules is to r e c l~~ce  the anlount of conlputation occurring inside the 

main loop. 

Note that this m o d ~ ~ l e  should nzake preparation for computing the operators 

0 ~ ~ a l c l  V B', if necessary. These a r e  the derivatives with respect to 

system parameters affecting x. 
Derivatives: 

For example, considel. 3 geometric operator such a s  considered above in 

5. 1. The icleal sensor output is  

f = S ' = l ( .  . St (1) 

See Reference I, equation TI. 7. Sq  represents the environmental \rari:ti)lc S 

expl-essed in body coorclin:~tes. Re\vriting (1) in detail using direction 

cosines: 
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Y. = cos QcosQ, 
1 

Y2 = cos 0 sin Q, (3 b) 

y3 = sin 6. 
(4) 

Since the constants Y i  a rc  simple n~ultil~licativc factors, 0~x= 
On the other hand, vg'= { 0,O. . . , M, a B f ,  0,O.. . (5) 

a +  d 6  
The non-vanishing derivatives are: 



Moclulc CADSSIt. (Sensor-1-elated cn1eul:ltions) 
-- - 

1.0 Calling Sequcncc: CALIA GADSSR. 

Catcgory: FORTRAN subrout i~~e,  GADS cxccutive, lcvcl 3. 

3 .0  Purpose: To calculate cl~~nntitics used in the geomctric opcrator 

starting from the raw mounting constants. 

4 . 0  Variables : 

4.1 Explicit Inputs : None. 

Explicit Outputs: None 

4 . 3  Intermediate and Iznplicit I/O Variables: 

Input. Type of geometry: 

N6=l - fixed vector mounting, 

N6=2 - fixed axis, 

N6=3 - special, 

N6=4 - spare. 

Also see  moclule GADSIN, variable SCODE4 and 

R L I ~  Decli, card G13-7. 

Output. Library of observable sensor-relatecl 

n~ounting constcmts. See variable OBMOUN in 

nlodulc GADSIN and R~u i  Decli, card G13-7. 

OGAMMA Output. Fast  access area  for direction cosincs. 

OMOUNT Output. Fast acccss xrca for raw mounting const~nts .  

Notes : 

This ~l~oclulc i s  usctl to gencrnte tllc lcrmin:ll gcomctric coi is la~~ts  

nccclcrl tlurhg computation ol' the pvcdictctl scnsor outlwits. Tlxtt is, 



this lnodulc prcpnres thc clt~nntj tics nccclcd in upplyjng gcoonlctry 

consitlcrr~tions: Thc ~ncnning of the tcrm tcrillinnl const:mts is 

tllat all l3ossil~lc prcprocessing is clone. 'I'llis reduces the amotmt 

of tinlc co~ls~ulled during tllc higllly rcpctitivc operations occurring 

within the main loop. (Sec module GADSML. ) Notc, for example, 

that ll~oclulc GADSRl computes tllc cartesi'm direction cosines of the 

sensor 'xis starting from the two angles, @,and 8 , which describe 

the said 'axis in bocly coordinates. Similarly, the use r  may code his 

own geometric operator preprocessing in modules GADSR2,3,4. In 

all  cases, however, the main idea is to do a s  much a s  possible before 

moclules of the type GADFOl a r e  called. 

Derivatives of the Geometric Operator: 

In the event that certain raw mounting constants a r e  to be adjusted 

by differential correction, the moclules GADSR1,2, . . . should also 

prepare the derivatives of the geometric operator. Refer to nloclule 

GADSR1. 



Motlulc GAIISSE. (Solar c p h c n ~ e ~ i s )  

1 . 0  Calling Scqucncc: CALL GADSSE. 

2.0 Category: FORTItAN subroutine, GADS worlicr. 

3 .0  Purposc: To con~pute the cartesican components of the sin 

line-of-sight unit vcctor. 

Variables: 

Explicit Inputs: None. 

Exnlicit Outnuts: None. 

Intermediate and Implicit 1/0 Variables: 

DCOSFl Double precision cos (FI). 

DM Double precision nlean daily motion. 

DSINE Double precision sin (E). 

DSINFI Double precision sin (FI). 

E Double precision eccentric anomaly. 

EC Double precision orbital eccentricity. 

Double precision table of EC for years 1965 

through 1969. 

FI Double precision mean oblicluity of YEAR. 

FI1 Double prccision tablc of FI lor s a n ~ e  years. 

Doublc precision longituclc rcfcrrccl to incan 

equinox of YEAR. 

Same as  FL. 

llortblc prccision ~ n c : u ~  longituclc of pcrigcbc rcfcrrcitl 

to mcan ccjuinos of YJfAIl. 



FLP1 

MO 

MOl 

MSMM 

NCALLS 

ORBVEC 

RADC 

SFL 

TFMED 

TIME 

TIMED 

TORIGN 

YEAR 

Notcs: 

Mcun Ailonl:rlv: 

Iloublc precision tnl>lc ol' E'LP for same yc:irs. 

Double ~ ~ r c c i s i o n  I I I C : ~ ~  :unomxly : ~ t  Janunry 0, YELIIX. 

Double precision table of MO for sallle years. 

Double precision mean motion, clegrces per 

millisecond. 

Nu~nber of calls coimter. 

Output. Orbit-relatecl array. The f i rs t  colunl~l 

of ORBVEC is reserved for the sun vector which 

is the output of this module. 

Double precision conversion (from degrees) to 

radians. 

Double precisioil sin (FL). 

Input. D o ~ ~ b l e  precision n~illiseconcl of year time 

origin for current satellite pass. 

Input. Elapsecl time since TFIXED for which 

calculations a r e  desired. 

Double precision n~illisecond of year for ~vhich 

calculations are clesirecl. 

Input. Array of cjuantities defining the tillle origin 

of the current satellite pass. See EQUIVALENCE 

s t a t e i ~ ~ e ~ l t s  ancl module GADSSO. 

Input. Year for which calculations :ire clesirecl: 

19(i5<YEAR<lt)G9. - - 

13y clcfinition thc mc;ol ;moin:lly is M - W0 t (F) At 

where tlh'l/tll is thc mcau~ motion. 



5 , 2  JI:eccntric Anom:~ly: 

Neglecting l'ourth nncl hig tler orcler terms , the eccentric nnotnnly 

E may he expanded in terms of i\/I and the eccentricity e a s  follows: 

E x M + e ~ i n M  
1-e cos M 

See page 134, Reference 17. 

The accurate equation E = M + e sill E is not used because it is 

transcendental. 

5 . 3  Longitude Referred to Mean Equinox of YEAR : 

If is the sun's longitude of perigee referred to the mean equinox 
0 

of YEAR, then the instantaneous longitude, ), , referred to the 

same origin is A = h o  + E. See Figure 18. 

5.4 Cartesian Components : 

From Figure 18 it is evident that the sun's Cartesian components 

in the G.  E. I. system are:  

x = cos A 

y =  sin A* cos i 

z = sin h' sin i 

where i is the mean obliquity (or inclination). For further details 

see References 13 and 17. 

5. 5 Interface Considerations: 

The calling program 111ust provide the follo?ving quantities: 

(a) TFIXED, (b) TIME, (c) YEAIZ. Then tlic lllodulc GADSSE will 

compute thc norn~alized componcilts x, y,  z of thc sun's line-of- 

sight vector in the G. 15.1. system. This output i s  plflccd in ORIVlCC 

:Is follows: 



5.6  Veritication of Results:  

When comparillg these o u t p ~ ~ t s  wit11 those of Reference 14,  the 

u s e r  is reminded that the la t te r  a r e  given i n  astronomical units 

(A .  U. ). That is, they a r e  not normalized. 



Motlulc GAIISSO. (Sensor opcrancl) 

1. 0 Calling Sequence: CALL GADSSO. 

2.0 Category: FORTRAN sulxoutinc, GAIIS worltcr. 

3.0 Purpose: To generate the sensor opcr,and anel its dcrivntivcs, 

if necessary. 

Variables : 

Explicit Inputs: None. 

Explicit Outputs: None. 

Intermediate and Implicit I/O Variables: 

BALF Output. Right ascension of magnetic field, radians. 

BALFDG Same as  BALF in degrees. 

BCAP Output. Magnetic field, in inertial coorclinates. 

BDE L Output. Declination of niagnetic fielcl, raclians. 

BDELDG Sanie a s  BDEL in degrees. 

BTIME 

BTOT 

COAB 

COAS 

CODB 

CODS 

DPR 

131'1 9 2 

Il'l' Ihl I2 

EC LIPS 

Same as TIME. 

Output. Magnitude of magnetic field. 

Oi~tput. Cosine of BALF. 

Output. Cosine of SALF. 

Output. Cosine of BDEL. 

Oiitput. Cosiilc of SI>EL. 

Dcgrccs pcr radi:u~. 

INuhlc precision v:lri:~blcs. 

Iloublc precision liinc, millisccontl of y car. 

O ~ i t p ~ t ,  Intcgc?r solar eclipse ii1dic:ttor. 



KBALF 

KBDEL 

KBTOT 

KBX,Y, Z 

KDAYOR 

KECLPS 

KHOURO 

KORBNO 

KOTAPE 

KSALF 

KSDEL 

I<STOT 

KSX, Y, z 

I<\VOR IXS 

ICY EAR0 

MSDORG 

NIrl'ISMS 

NSETS 

Outl~ut. Rewind orbi t  tape flag: 

K - > 0: no rewind, 

I< = -1: rewincl. 

Aclclress of BALF in tape input recorcl. 

Address of BDEL in tape input 

Adckess of BTOT in tape input record. 

Address  of BX, BY, BZ in tape input record. 

Address of day in  tape input recorcl. 

Address of ecl ipse in tape input recorcl, 

Address of hour in  tape input record. 

Address  of orbi t  nunlber in  tape input record. 

Input. Orbit tape unit. 

Address of SALF in tape input record.  

Address of SDEL in tape input record. 

Aclclress of STOT in  tape input record ,  

Address of SX, SY, SZ in tape input recorcl. 

Inplput. N t ~ n ~ b e r  of words in tape input l*ccorcl. 

Aclclrcss of yea r  in tape input rccorcl. 

Address 01 milliscconcl o f  clay in tape input rceortl. 

1nl)ut. N~umbcr of i tcnls pc r  tl:~ta scl. 

Input. Numl~cr  oS i t c n ~  s e t s  in onc tape inl,ut 

rccorcl. Nolc 111;tt oac ilcln s e l  i s  a gl-ot~p oS words 

tlcSining it colnl~lctc  orbital  tlat:l pain(. 

A-137 



RPD 

SALF 

SALFDG 

SCAP 

SDEL 

SDELDG 

S U B  

SIAS 

SIDB 

SIDS 

STOT 

TIIOUR 

TIM I;: 

Input nrea. 

(Xltl3ut. Sensor operrtnds. Tllis particulal- motlulc 

places the solar line-of-sight unit vector :mcl thc 

n~agnetic field vector in ORBVEC(1,l); I = 1 ,2 ,3  

,mcI ORBVEC(I,2); I - 1,2,3,  respectively. 

Radians p e r  degree. 

Output. Right ascension of solar  line-of-sight 

vector, radians. 

Same a s  SALF in degrees. 

Output. Solar unit line-of-sight vector. 

Output. Declination of solar  line-of-sight vector, 

radians. 

Same a s  SDEL in  degrees. 

Output. Sine of BALP. 

Output. Sine of SALF. 

Output. Sine of BDEL. 

Output. Sine of SDEL. 

Output. Distance to s~u l .  Not computecl at this 

writing. 

Input. Doublc precision tinzc origin, inilliscconcl 

of ycar. 

Input. Tinle origin hour of tltty. 

1nl)ul. Tinzc in millisccontls since timc origin 

for which ou tlx~t is tlesired. 

Input. 'i'imc origin, millisccontl oS nzinlu tc. 



TMTNU'1' Input, 'Sime origin, minule ctf ho~w 

T 013 IG N Input. Array of numbers clcfining time origin. 

Note EQUIVALENCE st:ttcrnents. 

TYEAR Input. 'I'iine origin, day of year  (or of lnunch 

year).  

XMSDAY Milliseconds per day, double precision. 

XMSYR Milliseconds per year ,  double precision. (Note 

GADS own system common a r e a  provides the 

same quantity, namely YMILLS. ) 

Explanation: 

Main Considerations : 

This module should calculate the sensor operands; i. e . ,  the 

environmental variables upon which the sensing devices act. 

See 5.2,  Specialization and A/Iodification, below. 

The sensor operand is to be computed a t  t ime TIME (milli- 

seconds since t ime origin). If the environmental variables a r e  

available from tables a s  a function of millisecond of year ,  

interpolation is performed using TIME + TFIXED a s  the 

argument. 

One important consideration is protection against repeating 

rewinds. This is accomplished with the help of the variable J. 

When the orbiL?l data is input iron? an  external I/O device, 

013BIT is usecl a s  tile input area .  

In any f ~ ~ t u r c  programming, the user  should note that this 

module is cnllcd from module GAUSTPC. l 'h:~t is, i t  is callecl 

once pcv obscrvntion ior each iteralion. 1ncffic:ictlt coding 

may, thel.eiore, I-esult i n  greatly incrcnsctl expcnditul-c of 

cornputel- time. 



Spccjnlization nncl Moclificnlion: 

This rnodulc nlay be snicl to be spccializccl in that a definite 

environn~cntal source is assumed, such :LS an  orbit tape (or drum). 

Furthermore, in this module assume that the f irs t  two environ- 

mental variables of interest (sensor operands) a r e  the solar 

line-of-sight and magnetic vectors and that their derivatives 

will not be required. The user may nlodify o r  add to these re-  

quirements. For  a n  example, refer to GADSSO/EPED module 

designed for u s e  with the EPE-D spacecraft. 

In certain applications, the derivatives of the sensor operand 

with respect  to the system parameters a r e  needed. See Section 

VI. E. 2, Reference 1. The user  programming these applications 

should insure that the derivatives a r e  transmitted through a 

named common a r e a  in the same manner that the operands a r e  

transmitted; i. e.  , the same a s  ORBVEC is transmitted. As with 

ORBVEC, the customer programs a r e  GADF01,2.. . , GADG11, 

12,13. .  . . 
5.3  Order and Type of Interpolation: 

In this module simple linear interpolation is used. If the user  so  

des i res ,  he may adopt more refined methods. See module 

GADSSO/EPED. 



Calling Secluencc: CALL GADSSO. 

2.0 Category: FORTRAN sulxoutine, GADS worlicr. 

3,0 Purpose: To co~llputc sensor opcr:ulcls for lhc case of the EPE-D 

satcllitc (S3-C). 

4.0 Variables : 

4.1 Explicit Inputs : None. 

4.2 Explicit Outputs: None. 

4.3 Intermecliate and Implicit 1/0 Variables: 

The following variables a r e  those which have not been discussed 

under moclule GADSSO. The reacler is referred to that c1iscussion 

for additional explanations. 

CODR Output. Cosine of RDEL. 

EARTHR Mean earth radius, liilometers. 

IBALF Acldress of BALF in tape input 

IBDEL Address of BDEL in tape input record, 

IBTOT Acldress of BTOT in tape input recorcl. 

IMFRP Acldress of main frame period in tape input record. 

IRALF Aclclrcss of RALF in tape input recorcl. 

IRDEL Ac1clress ol  RDEL in tape input rccorcl. 

IRDlS Aclclrcss of raclial clist~~ncc in tapc input record. 

JSCODlC Inpul. l'ypc of environmcnl~l varinblc sought: 

Number of orbit records rc:lcl. 



NUSEO Flip-flop inc1ic:~ting which halt of input men  

0R131rI' i s  reacly for use. 

NWTIZ 0 Number of words transferred in last  read. 

N 2 8 0  Number of words in one EPE-I) orbit  record. 

RALF Right ascension of orbit  mdius vector,  radians. 

RDEL Declination of orbit radius vector, radians. 

RDIS Orbital radius distance. 

RHO Orbital radius vector,  unit. 

RDOTS Vector dot product of RHO and unit solar line-of- 

sight vector. 

SHADE See explanation below. 

SHADEC See explanation below. 

SIAR Sine of RALF. 

SIDR Sine of RDEL. 

5.0 Notes : 

5 . 1  Calculation of ECLIPS: 

To determine if  the spacecraft is in the shade, the following 

calculations a r e  made. First,  the critical angle SHADEC is 

computed; this is illustrated in Figure 15a. Second, the actual 

shade angle is the arc-cosine of RDOTS (see F i g ~ ~ r e  15b). For 

an eclipse condition, SIIADE is greater thnn SI-IADEC. 

5 . 2  Format for Input 'I'npes to EPE-I) Attitude: 

5.3 General Description: 

The txpes will be UNIVAC 1108 I3innry with fixcd length records,  

i .  c. , 300 ivo~*tls per recorcl. ISach rccorcl will contnin ID and 



orbit i i~fo~*mntion nncl the cl~annel 12 ,  1.1, 15, 0, I nttitude dnkt 

for 256 consecutive telemetry trnmes. The ID and orbit inlormn- 

tion ivill be contained in the first 44 words of each record in 

floating point iornlat. The remaining 256 words contaill the 

attitude data, a l l  5 channels tor a given frame packed into a 36 

bit words. The first i r ame  recorded in each recorcl will be of 

some PPO. 

Each will constitute the data from twelve consecutive orbits.  

Each tape will contain one EOF following the las t  record.  

The limitations on processable data will be a s  follows: 

1. Must have sub-comm sync on PPO. 

2. Must have a t  least  128 (out of possible 256) consecutive 

f rames  of data including no more  than 10 padded f rames  

of data. Missing f rames  which a r e  padded should he 

checked using f rame t imes  a t  each end of the gap to 

insure the t ime difference is equal to NT within 10 
- 7 

milliseconds (or 10 day), where N is the nunlber of 

missing f rames  and T f rame period. Also positive PPO 

sync must be obtained on both sides of the missing data. 

The padded words and the filler words to completely 

f i l l  the 256 words assigned to attitude data will be all  

zeros.  A l l  t imes will be in days and fractions of a clay 

of the launch yenr, 1964. Thus 1200 U T  on 31 December 

1964 will be day 366.50 and 1200 U T  on 1 January 1965 

will be day 367. 50. 

Record Contents: 

'i;Vol*cl Num bcr Contents 

Day of Year 1965 
IW:~ction of Dny 
Avcrnge Frame l 'c~iod in  I'rnction of Ilny 



Coef. for Geographic Longi t~~de (I<ndians) 
Cocl', for Geogrnphic Latitx~dc (Rndinns) 
Cocf. for R:tdial Distance (Km) 
Coef. for Rt. Asc. of Subsat Point (Radinnsj 
Coef. for McIlwain's L Parameter  (Earth IZndii) 
Coef. for Magnetic Field Strcngth (Gamma) 
Coef. for 13  local/^ equator (ratio) 
Coef. for Rt. Asc. of Magnetic Field (Radians) 
Coef. for Dec. of Magnetic Field (Radians) 
Station-Analog Tape Number (SSAAAA) 
Date Recorded 
Or bit Number 
Status of File 
Unassigned 
A 256 word a r r a y  where each word contains 
the channel 12, 14, and 15 HRP numbers 
and the channel 0 and 1 octal numbers for 
one f rame of data. The structure of each 
word is a s  follows: 

Bits - Information Contained 

7-16 Channel 12 HR P number 
17-26 Channel 14 HRP number 
27-35 Channel 15 HR P number 
1-3 Channel 0 octal number 
4- 6 Channel 1 octal number 

All bad points, i. e. , 999, 998, and 997 readings, will be signi- 

fied by setting a l l  bits assigned to the channel equal to zero. 

Time and Orbit Parameters:  

Word 2 is the s t a r t  time of the first frame of data in the record 

minus one D i n e  period. The s tar t  t ime of frame N (N = 1 to 

256 is: 

s tar t  time frame N = IVORD2 "r WORD3 x N in i'rnction of n clnj7. 

Similarly, t l ~ c  o r t ~ i t  pnran~e tc r s  a r e  given by thrcc coefficients, 
2 

such that: 13AIZ = C1 -I C2 x N -I C3 x N . 

For esnmple, the L value for the stax-t of the Sr:tme N is given by: 
2 

1, -= WORD16 -t WOIZ1)17 x N - I -  WOlZI)13 x N with L in enrth r:lclii. 



For further details, see Reference 18. 



Moclulc GADSSP. (Scnsor p a r a ~ ~ e t ~ e r s )  - 
1.0 C:llling Setlucncc: CALL GADSS13. 

2.0 C:rtegoly: FORrTIXAN su l~~out inc ,  GADS exccutivc, lcvcl 3. 

3.0 Purposc: To prepare sensor-rclatccl p a r ~ r n e t c ~ s  for efficient 

refercncc. Included a r e  mounting constants, calibration (tr,mslcr 

function) constants, ntimber of observations, sensor wcighting, 

data starting address, etc. 

Variables : 

Explicit Inputs: None. 

Explicit Outputs: None. 

Intermeciiate and haplicit 1/0 Variables: 

J S  Input. Sensor pointer index. The sensor being pro- 

cessed occupies the JS  positioll in the current 

complex of sensors. Note definition of NO. 

JSCODE Output. Sensor operanci code: 

JSCODE = 1 - solar racliation, 

JSCODE = 2 - geomagnetism, 

JSCODE = 3 ,4  spares. 

See also Run Dcclr, cards G13, G13-1, G13-2.. . 
OLitp~t. Sensor icleal geometric operator code: 

ICSF - 1 - basic car tes im vector clot product, 

I<SF = 2 - basic c:~rtcsian vector clot product with 
shacIowing, 

]<SIT = 3 ,4  sgarcs. 

Sec Itun IIccIi, csrtls (213, GI:<-1, G1:i-2.. . Ilcfcc\r 

also to ~nodttlcs of tllc tyj)c (;Al)1<01. 



LENGTH(J) 

LINItC P (J) 

LINKF (J) 

LOCA'l'E (J) 

I,O J(A TI< 

NCG 

Outl~ut. Special weig11ting I-etlucst flag usccl in 

nloclulc GADSFC. 

Output. Pertxri-bed calculr~tions indicator : 

ICU1 = 1 normal, 

ItU1 = 2 means perturbccl calculations used in 
method of false position. 

Input. The length (size) of the array of observed 

data for sensor 5. 

Output. Let the sensor being processed have its 

J calibration constant in the L position of the system 

parameter array. Then L =  LINKCP(J). If L = 0, 

the said constant is not a member of the s e t  of system 

parameters. See moclules GOPERl and ItOPER1. 

Input. The array of ideal prediction fi~nction codes 

for current conlplex. See m o d ~ ~ l e s  GADSFC, GADSIN, 

and Run Deck, cards G13, G13-1, G13-2,. . . . 
Output. The array of NT values for current complex. 

For the J sensor in the given complex, NT = LINKNT(J) 

is the number of olsserved data points. 

O~tt~31tl. Snnlc as  LINISCP(J) but replace the words 

calibration conslru~t wit11 mounting constant or  orien- 

tation const:mt. 

Input. Array of raw d:~ta starting :rdclrcsscs. 

Output. Current s1:lrting ndtlrcss of raw tl:lta. 



NT 

NU 

NUMC (J) 

NUMCPJ 

NUMOP(J) 

NUMOPJ 

NO 

OBCOEF 

OGGAh4M 

O I3I\IZ 0 UN 

Output. Obscrvablc sensor-rcl:\tctl codes: 

J-1 sensor operand gcncrntor typc, 

5-2 ideal precliclion function type f ,  

J=3 transfer ftmction (calibration) type 5 , 
5-4 number of coefficicnts in 9 ,  

J=5 sensor operand typc S, 

J = G  scnsor mounting type (geometric operator)y. 

Refer also to Section 3, Run Deck, card G13-7. 

Number of observed data points for  a given sensor. 

Number of active system parameters. 

O~ztput. Paclcecl for111 of codes described under 

variable LINKCP. 

Input. Pacliecl fo im of cocles clescribecl uncler 

variable NOBDAT. 

Ouput. Packed form of cocles clescribecl under LINICOP'. 

Input. Pointer inclex used to identify sensor in 

perlllanent sensor library. 

Input. Library of observable (sensor) calibration 

coefficients. See Run Dccli, card (213-8. 

Input. Librnry of scnsor axis ~ l i ~ c c t i o a  cosincs. 

SCC I t ~ l  Dccli, cai-~1 G13-7. 

Input. Lil3r:ll-y 01' O I ~ S C ~ V : ~ I ~ ~ C  (sensor) nlo~~nting 

cons t:mts, See rll~n Ilecl;, c;trcl GI 3-7. 

Input. Li l~rary  of S C ~ I S O ~  weighting. See Itun I)ccl;, 

c:t~*tI G13- 9. 
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Oulput. C:urr..cnt scnsos's calibration cons tmts  in 

fast access area, 

Output. Current sensor ts  direction cosines in 

fast access area. 

OMOUNT Output. Current sensor's mo~mting constants in 

fast access area. 

OTITLE t Library of sensor identification (nailzes). 

SENSID Output. Current sensor's name. 

WEIGHT Output. Current sensor's weight, See Run Deck, 

card G13-9. 

Notes: Because references to the library of sensor clata involve 

the use of inclexes, unpacking, and some calculations, it  is 

advantageous to move the pertinent data into special non-inclexecl 

locations in order to optimize the operations taking place insicle 

tight loops. The purpose of this nzocl~tle is to answer this neecl in 

compact ancl centralized form. The variable NO locates the recluirecl 

information in the permanent library of sensor data. 



1.0 CnIling Scqucnce: CALL GADSSS(COMMUT, WOItIi, NOIE731'1', 

NIIIM, LMAX, NCALLS). 

Category: FORTIIAN subroutine, GADS accessory. 

Purpose: To colnpute scnsor outl~uts in a m~ulller that sinzulates 

their behavior in real life. The simulation accounts for  various 

types of motion, signal noise, signal bias, and characteristics of 

sampling by comlzzuta tion. 

Variables : 

Explicit Inputs: 

COMMUT Conzmutator time delays in milliseconds for the 

various channels. See 5.1, Coninzutation. 

WORK Work area  used in coniputa1;ion of PHI if NCASE = 3. 

NORBIT Number of complete orbital data sets. 

NDIM Firs t  dimension of WORK the number of 

samples desired per sensor; i. e., tlle number of 

comniutator turns. Also see  Note 5.3. 

LMAX 

NCALLS 

Nunzber of sensors to be simulated. 

Restart o r  re-initialization flag. IIfllen NCALLS = 0, 

all initial conditions will be mset .  This flag should 

not be zero when returning to GADSSS for a s e c o ~ ~ d ,  

third, . . . pass of the s:uliz~c spacecrnlt; otherwise, 

the identities of the output Siui~ctions will be sacl-ii'ictl. 

For cx:~mplc, phase relations will I)c cliscontinuous. 

Sec N0f.e 5 ,4,  



I~~tcrmct l i :~ tc  t~nd  Implicit I/o Va~.ial~lcs: 

A hlllput. F i r s t  moinent of inertia.  

ADMII Aclams 11, o r  s tep s ize,  initially s e t  to DELT1 

but may be ~noclifiecl by modulc ADAMS, assuming 

DELTl  is a reasonable value fo r  ADMII. 

ALPEIAI 

ALPHA 

ALT 

ANGM (2) 

AOUTI 

AOUTS 

AUXF 

B 

BDECL 

BDECLl 

BDEL 

BDELDG 

BL(3) 

Input. Right ascensioil angular momentx~m, clegrees. 

Right ascension, angular momentum, radians. 

Input. Altitude of spacecraf t  in  s i l l~ulated orbit. 

At this writing, the orbi t  i s  c i rcular .  See module 

SORBIT. 

Input. ANGM(1) = ALPHAI, ANGhll(2) = DELTAI. 

Hollerith P/O. 

Auxiliary functions and sys tem s ta te  vector usecl 

by GADSAL. 

hput .  Second moment of inertia.  

Declii~ation of B-fielcl, radians. 

Declinatioil of B-field, cle, v e e s .  

Declination of B-field, radians.  

Dccliilatioil of B-fielcl, degrees.  

Cai.tesian components of B-Sield in local orbit:ll 

coordinate system. 

l3-lieltl right ;~scension,  dcgrecs,  



CONS1 

COST13 

DECL 

DECLl 

DELTA 

DELTA1 

DELTl 

DLAT 

DLONG 

DPj'l 

EPSILl 

EPSIL2 

ERRMES 

PILLFL 

FlNC 

FlNCL 

FrI'Eh4P 

G I>OT 

CIL1\'C I I  

Glt\l'C110 

Input.. 'L'liird inon~ctit of inertia, 

Output. Conlnloil area for sensor output f~mctious 

mcl saml~lc tinlcs. 

Sane  as CONS, illodule GADAO1. 

Cos ( 8 ) -  

Declination of spacecraft, raclians. 

mrees. Decliilation of spacecraft, deb 

Declination, angular momentum, r aclians. 

Input. Declination, angular momentuln, degrees. 

Input. Comnlutator cycle time and initial value 

of ADAMH. 

Spacecraft's latitude, degrees. 

Spacecraft's longitude, degrees. 

Degrees per radian. 

See Note 5 . 3 .  

See Note 5 . 3 .  

Hollerith P/O, error  message. 

Flat to signal fill-data. 

Input. Orbilal iilclinatio~l to ccl~~nto~ial  plane, degrccs. 

' Clans. Orbital inclination, r?. 1' 

I'redictctl itlcal sensor output. 

Input, Grecn~vich rate, r:lclians pcv millisccontl. 

In l~u t .  G~.ccn~vich hour angle at 'I'In'I14: 0. 



Input, 'I'ypc! o l  initial conclitions: 

IGNORE 

IT 

JTIME 

JSCODE 

ICBALF 

KBDEL 

ICBTOT 

KBX,Y, Z 

I<DAYOB, 

ICE C LPS 

I<IIOURO 

I<OIt13NO 

I<Orl'AI'E 

I<SALP 

ICONIl=l - all  ba1:~ncccI spacecraft ,  

ICOND- 2 - nonlx~lancccl rigid sp:~cccr,dt givcn 

the liinctic cnergy, magnih~dc  of tllc angular 

m o m c n t ~ t n ~ ,  ancl to (scc RcScrence 1, ccluations 

V. 8a, b, c ,  page 59), 

ICOND-3 - nonl~alancecl rigid spacecraf t  givcn 

angular velocity vector (see ccluations V. 3a, b, c, 

Reference I), 

ICOND=4 - not used, 

ICOND=5 - not usecl. 

Output. Sensor ignore flag. 

Pointer  inclex for  data sample. 

See module GADSCS. 

Type of s enso r  operand code. See JSCODE in 

module GADSSP. 

Input. See nlodule GADSSO. 

Xnput. See m o c l ~ ~ l e  GADSSO. 

Xnput. See moc1~1le GADSSO. 

Input. Sec moclulc GADSSO. 

X11put. See module GADSSO. 

Input. Scc n~oclulc GADSSO. 

Input. Scc n~oclulc CiADSSO. 

Input. See mocl~tle GADSSO. 

Input. Scc 1l1ocluIc GAIISSO. 

Input. Sce moclulc CAIISSO. 



LOC A 

LOCATE (J) 

LOCT 

LSENS 

MORBIT 

MOTION 

Jnpul. Scc ~rvxlulc GADSSO. 

Input. Scc moclulc GADSSO. 

Input. Scc n?otlulc GADSSO. 

Input. See n~oclulc GADSSO. 

Input. See moclule GADSSO. 

Input. Length (size) of the a r r a y  of r a w  clata 

f o r  s enso r  l ibrary.  

Input. Location of f i r s t  r a w  data  point in  COMM, 

Input. Location of f i r s t  r aw  data  point for  

s enso r  J. It is p a r t  of the s enso r  l ibrary.  

Input. Locations of f i r s t  r a w  data  point sample  

time. 

Sensor pointer incles, identical with NO. 

Orbit iten1 s e t  counter o r  pointer. 

Type of nlotion requested: 

MOTION=l - s i n ~ p l e  spin, 

MOTION=:! - Eulerian force-free precession,  

MOTION=3 - noilbalancccl force-free motion, 

MOrrION=4 - variation of p a r a n ~ e t e ~ s  (not rcndy),  

MOTION=5 - i ~ i ~ i n c r i c a l  iiltcgration of cc~uations 

of motion (not rcacly), 

MOTlON>5 - not uscd. 

Notc: MOTION i s  initially s c t  equal to NCASE. 

Input. Scc i ~ ~ o t l u l c  CAIISSO. 

b~])ut. This  i s  the initiikl value lor MO'I'ION. 

Input. Debugging aid. LVhcn non- zcro, this S1:~g 

wili resiill in inc~-casct l  1)1*intou t. 
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NGOTO 

NOBDAT 

NONCE1 

NONCE2 

NPARAM 

NO 

N1 

N4 

OGAMMA 

OMEG 

OMEGA 

ORBIT 

ORBVEC 

PERIOD 

PHDOTO 

PI11 

I'IIIDOT 

I'IIIO 

13nocrn 

I'SI 

I'SIDOT 

NGOTO- 1 is norin :I 1, If NGOTO 2 ,  n tr:uisforni:ttioii 

of elliptic ~noclulcs has c tcc~i~rcd.  Scc Notc 4, 

module GADAOl. 

Fast access area  for ol~scrvablc scnsor-relntctl 

paranlcters. 

Output. Referencccl by nlodule GADSAL. 

Output. Referenced by nloclule GADSAL. 

Input. Array of special inputs. Refer to list of 

EQUIVALENCE statements. 

See LSENS. 

Location of current output data point in ar ray COMM. 

Locatioil of current  data point sanlple time. 

Fast access a rea  for sensor axis direction cosines. 

Input. Right ascension, orbital node, raclians. 

Same as OMEG, degrees. 

Output. Array of orbital clata. 

Orbit-related vectors (sensor operands). 

Input. Not used at this writing. 

'P at t i n ~ e  TSTART. See Figure 17  and Note 5.3. 

cp, f i rs t  Euler angle, radians. 

'9, raclians pcr  millisecond. 

-: t 1LIllS. PI11 at timc TSTART, 1 L 1' 

0, runcli:u~s per milliscconcl. 



PSI0 

RA 

lull 

RAD 

RDOT 

REARTI-I 

RPD 

Srn'IMU 

SIMSTA 

SIMW 

SPIN 

STOT 

T 

TEMP 

Sl~ncecraft's right nsccnsion, raclians. 

Orbital raclius vector. 

Orbital velocity vcctor. 

Mean earth radius, ltilometers. 

Raclians pe r  clegree. 

Simulated sensor noise mean value. 

Simulatecl sensor statis tics: 

SIMSTA(1, J) - noise mean value for sensor J, 

SIMSTA(2, J) - noise standard deviation for 
sensor J. 

Simulated sensor noise standard deviation. 

Input. Spin rate: 

MOTION=l - PSIDOT=SPIN, 

MOTION=2 - PHIDOT=SPIN, 

MOTION>2 - SPIN not used. See ZMWAGN. 

Distance to s~u l .  Not ready. 

Sensor sainple time since TFKED. In prelinlinnry 

PHI calculations, T is timc sincc TPHIO. 

Collection of importnnt variables. Scc EQUIVALENCE 

s tntemcnts :ulcl initialization section. 

t .  lhublc precision limc origin, millisecontl 

ol' ycnr (or l t~uncl~ yc:xr, il' clcsirccl). 
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TPIIIO 

TPREV 

TRUEA 

TRUEAR 

TRUER1 

TSTART 

TWOPI 

URN 

USC 

VPARAM 

X 

XW 

YMIL1,S 

ZALPflA 

znr' 

Z ARG 

Input, Year of clntn. Scc ncfcrc~lcc  9 :~ncl 

moclule FIELDG. 

Input. Timc-origin-rclatccl ar ray of cjur~ntitics. 

Scc cocling of moclulc GADSSO, EQUIVALENCE 

statements, ancl Section 2, Usage. 

Time of PHIO, milliseconds. 

Time of channel 0 for current conlnlutation cycle. 

This variable is callecl ti in Note 1, below. 

True anomaly, radians. 

Input. True anomaly rate,  degrees per millisecond. 

Same a s  TRUEAR initially but may be nzodified in 

module SORBIT. 

Input. Start time since TFIXED for f i rs t  commuta- 

tion cycle, milliseconds. 

Ranclom number. 

Output. See moclule GADSLS. 

Input. Array of important quantities. See 

EQUIVALENCE statements. 

S l~nccc~af t l s  orbital radius vcctor. 

Sl~acccr:iftls orbital plane radius vcctor. 

Milliscconcls 1x1- ycur, doublc pvccision. 

Scc ccj~~ation 61.8, Rci'cl-cncc 4. 

Scc cquation G2. I ,  Rclcrcncc 4. 

Argum en t oS thc cllip tic Stu~lc t ions. 
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ZBETA 

ZBQ 

ZCR 

ZG 

ZGAMMA 

Z GI 

ZGSQ 

Z INTGR 

ZK 

Z P  

Z P O  

z POI  

Z PON 

ZQ 

ZQO 

ZQOI 

Z QON 

ZR 

ZRO 

ZrLOI 

ZRON 

ZSIGMA 

Z 'I' 

Sec eclun tion 61.4, Itel'crcncc 4. 

Sce equation G Z .  1, Rcfcrcncc 4. 

See equntion 62.1, Reference 4. 

h4agnituclc of angular momcnt~~rn,  

See equation 61.8, Reference 4. 

Input. Initial m,witt~cle of ,angular momenttun. 

See Note 4. 

Square of angular momentt~m magnitude. 

Temporary location for the integrand $/zG. 

The modulus of the elliptic functions . 
x-component of angular velocity. 

Z P  at time TSTART. 

Input. Initial value of p. See Note 4. 

ZPOI normalized. 

y-component of angular velocity. 

ZQ at  time TSTART. 

Input. Initial value of y. See Note 4. 

ZQOI normalized. 

z-component of angular velocity. 

ZR at  time TSTART. 

Input. Initial value of r. Sce Note 4. 

ZI20I normnlizccl. 

Sec cclu:~tion 61. 6, Ilcfcrcncc 4, 



Z TI Input. Initial. value of liiiletic energy. See Note 4. 

ZTO Input. 'Sirne when angular velocity lies in body 

x-z plane. See Figure 17' and Note 5.3, 

ZTOS Temporary storage for lower limit of integr n 1' ion 

in  PHI calculations: 

ZTOS(1) = lower limit of integration adjusted 
for commutator delay, 

ZTOS(2) = not used. 

ZWMAGN Input. Magnitude of angular velocity a t  TSTART. 

Notes : 

Commutation: 

In order  to  simulate the effect of a commutator, assume that 

the various sensors  a r e  sampled a s  follows: Let  i and j re fer  

to  the i th sample time and jth sensor, respectively. Assume 

a lso  that t. is the time in milliseconds at which the commutator 
1 

begins its ith revolution. Then the associated sample time for 

the jth sensor is t. + COMMUT(j). This implies that the user  
1 

must know the commutator time delay (or  advance) incurred on 

each of the attitude sensing devices being simulated and should 

provide them through COMMUT. Refer also to  the following 

paragraph. 

How the Sensors a r e  Chosen: 

The module GADSSS will simulate al l  sensors registered in the 

sensor library by inoclulc GADSIN, beginning with the fiyst and 

ending with the LMAX entries in the said library. To suppress 

the sirnu1:~tioiz of the J sensor,  i t  is necessary to se t  I,ENG'TTI(J) := 0. 

?'he sensors  lx ing  simulntetl should have been successfully pro- 

cessed by GAUSIN.  Some inconsistcneics in sensor definition can 

be clctectcd (luring execution and can result  in a scnsol, being ignorcd. 



Prclirninary Cnlculations of Precession Angle PIII for Non- 

balanced Spacecraft: 

In thc case  of a force-free rigid non-balanced spacecraft 

(NCASE = MOTION = 3) ,  the precession angle PIlI is given by 

equation IV. 4f, Reference 1 : 

t 

where t is some instant of time (specified by the use r )  when the 
0 

angular velocity lies in  the body x-z plane. (See Section V. E. 1 ,  

Reference 1. ) Equation 1 is employed in this module and the 

integration is performed with module SIMP2. 

Because SIMP2 w o r l ~ s  with a r rays ,  the storage requirements may 

be excessive whenever (t  - t ) is large. This can happen with the 
0 

simulation of several  passes of the same spacecraft. Hence, it 

is clear  that some technique aimed a t  curbing core storage re -  

quirements is required. 

The technique adopted in  this module is to break up the integral 

(1) into two parts: 
t s t 

where t < s < t. Second, i f  s is the s t a r t  tinle of the comnlu- 
0 - - 

tator for a given pass, 

S 

i s  thc prcccssion anglc a t  tlmt time. 

The preliminnry calculation of equation ( 3 )  i s ,  in turn, also brolcen 

up into sever:ll 1,:11*ts in thc manner of eclu:ttion (2) ,  each part being 

just sn1:lll cnough to l'it within thc a r r a y  WOIZIC. 'l'hnt i s ,  the 
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ii1tcgr:ition is  performccl wit11 c1nt:i poinls tnlicn in groups of size 

NDIM esccpt tllc last group wllicll will usually be smaller. The 

cumulntivc result of a11 integrations is  cp (s) ancl is  callccl Z131110. 

This precession angle, together with its associated tinle TPIIIO, 

are savecl until the nest pass. 

Inspection of the coding will reveal that a n~,zuimurn of ten inte- 

grations is allowecl between passes. That is, no more than ten 

groups of NDIM time steps of DELTl niilliseconds must elapse 

between passes. The user nzay increase this limit if it is  clesirecl. 

He should, however, consicler the possible loss of accuracy in 

these calculations which depend on the accuracy of SINIP.2. 

As illustrated in Figure 17, if the forward integration is in 

increments of DELTl the exact start  tinie TSTART will not 

necessarily be reached. Hence, to obtain the precession angle 

at this time, proceed as follows. 

Integration is  halted the first time TSTART is exceecled. Tlien, to 

second orcler approximation (in the Taylor expansion sense), the 

excess in PHI is the procl~~ct of the time derivative of PHI and the 

excess in time, viz 

or, in terms of coding, 

EPSILl = PHDOTO,k (T-TSTART). 

Co~i~l)utinl?; Initinl Conclitions : 

\4ihcncvcr the csl~licit input vari:tblc NCALLS is zcro, initialization 

will occur. Initialization must be (lone at 1c:ist on the first call 

to GAIISSS. St~cccssivc calls will be consiclcrctl succcssivc passcs 

of tllc stn-t~c sj~acecr:lft if NCALLS / 0. Ot l~e~wisc  iiiiti:\l contlitions 

will bc reset :u~tl phnsc rolationsliips, clc. , will Ijc lost. 'l'hcsc 



cnlculntioas clcljcntl 011 the type ol motion desired, tfrc latter 

clctcrmi~lccl by tllc vnri:xblc NCASE. 

(a) Sinlplc Spin (NCASE = 1) - In this case, PSI, tlrc thircl Eulcr 

cmglc, is used to dcnotc spin ant1 tl~ereforc PSIDOT is set  cclual 

to SPIN. SPIN, tllcreforc, clctermines the spin rate in radi'ans per 

millisccond. The user is to be certain that THETA1 = 0. The 

orientation of the angular monlentu~n is clelerlninecl by means of 

ALPHAI and DELTAI. 

(b) Eulerian (force-free) Balanced Precession - In this case, 

SPIN defines the precession rate PHIDOT in radians per inilli- 

second. Then PSIDOT is determined using equation IV. 7b, 

Reference 1. Note that, if PHIDOT is defined in t e r n ~ s  of PSIDOT, 

difficulty is encounterecl when cos ( 0  ) = 0; i, e. , when 8 = 90'. 

As previous, the orientation of the angular momentunl is determined 

by ALPHAI ancl DELTAI. 

(c) Force-free Non-balanced Case (NCASE = 3) - As in the 

preceding cases, ALPHA1 ancl DELTAI still specify the orienta- 

tion of the angular momenturn or  auxiliaiy reference frame. (See 

Reference 1, Section V. E. ) There are  several ways to define the 

motion with respect to the reference fraine, two escan~ples a r e  as 

follows: 

Give the magnitudes of the angular inomentcrin and kinetic energy 

of rotation, nanlcly ZG ,mcl ZT. As explainccl in Rcfcrcnce 1, 

the ~llotion is unic~~wly clclined wlrcn the tinlc to is  givcn. t is  tlclincd 
0 

above in Notc 5. 3. To use this typc of ilcfii~itioi~, tlrc uscr shoulil 

set ICOND-2. 

Anotlmr motlrod is to give the :uxgx~l:~~ velocity vcctor Q / p, (1, l.1 . 
11'01. eonvcnicnce, the ang~11:kr vclocity conll)oncnts bc giv~11 

1q1 %POI, ZQOI , ancl ZItOI. 'She mitgnilr~tle is ilclcrminctl scl):kratcly 

by ZWMAGN. To use this typc of clcfinition, thc user should sct 



Other methods of definition c:~n be rlevisecl nncl the user  m a y  

illcorporate them using the nl~ove ex:tmples ns n guide. 

5.5 Jncobi Elliptic Functions : 

For n discussion concerning the use of Jncohi's elliptic functions, 

refer  to module GADAOI. Much of the coding in tlicse modules 

is identical. 

Orbit-Related Data: 

Assume that the attitude determination techniques being tested 

with the data generated by GADSSS make use of orbit-related 

parameters. Hence, an  a r r a y  of synthetic pertinent quantities 

is generated on FASTRAND for recall  later.  This simulates an 

orbit tape. 



Moclulc GAIISST, (CADS statistics) 

1.0 C:~lling Secl~~cncc: CALL GAUSS'I'(CORMAT, SVEC, EVEC, EIG, 

TC, CNORM, SP,XLEV, V, VNAMES, l i l ,  Ii2, IIEAD, SDEV, NV, NIIEGI:). 

Catego?.y: FOltTRAN subroutine, GADS accessory. 

Purpose: Control llzocl~de for calling a11 the sul>routi~~es used in 

computing statistics for GADS. 

Variables : 

Explicit Inputs : 

CORMAT 

CNORM 

VNAMES 

HEAD 

SDEV 

Parameter correlation matrix. 

Vector whose con~ponents a r e  usecl to de-normalize 

the correlation matrix. Equal to 1 / d x  where 

dii is a diagonal element of the parameter covariance 

matrix. 

Estimated values of the variables after the fitting 

process. 

Mnemonic nanles of the variables. 

Heading to be printed on top of page for output. 

Standard deviation of the function; i. e. , the scluare 

root of the residual variance. 

NV Nulllber of active va~ i ab l e s  used in the fitting process. 

NDEGF Number of degrees of freedom. Eclual to niunber of 

data points ininits niull ber of variables. 

SVEC Each colurn~l ol' this mntris reprc'sents 211 :]xis oi' 

the e r r o r  cllipsoitl in ~)ar : tn~ctcr-s l~;~cc,  the ccntcr 

of [he :uis system bcing loc:\lctl tct tlle ostim:ltetl 



)~arnmetcr  v:tlucs. Each clcmcnt of :L particular 

column of SVEC rel-trcsents :I tli stance l~~ura l lc l  

to i ts  associatccl p:lranlcter &xis. 

EVEC Each colun~n of EVEC i s  :ul eigcnvcctor of the 

p a r a n ~ e l e r  correlation nlatrix CORMAT. 

E IG Associated eigenvalues of CORMAT. 

Ratio of each paranleter to its standard cleviation. 

Used to determine if a parameter is significantly 

different from zero a t  a given probability level. 

SP Standard deviation of the p aralneters. 

XLEV Probability level a t  which parameter is significantly 

different from zero. 

Intermediate and hliplicit 1/0 Variables: 

CNTURS Nuniber of contours (probability levels) to be 

processed. 

FA Specific probability levels. 

SC Staldard cleviation of contours. 

Notes: Reference 16. 



Moc-lulc CAJISTV. (Displays) 

1 .0  C:ll ling Scqucncc: CALL GAJ)Srl'V (5535). 

2.0 Category: FOltTltAN subroutine, GADS cxecutivc, levcl 2. 

3 .0  Purpose: To generate  graphic clisplays on the pr inter  o r  the SC 4020. 

4.0 Variables : 

4.1 Explicit Inputs: 

JJJJ Control bi ts  for clisplaying text of numerical resu l t s :  

J JJJ=8 - display text, 

JJJJ#~ - do not display text. 

(The text inclucles resu l t s  of differential correction 

and the time. ) 

Explicit Outputs: None. 

Intermediate and Implicit I/O Variables: 

ABSCIS Abscissa, temporary location. 

ABSCl Abscissa, cur ren t  A value (observedor r aw  data  value). 

ABSCB Abscissa,  next A value. 

ACHAR Library of display charac te r  codes for  A values for  

each sensor .  See Run Declr, card  G13-6. 

AVALUE A value (observed raw clata). 

COMM 1/0 and worlr spacc. See ~ ~ l o d u l e  GADSCS. 

CrFED/IP Calibratccl prctlictccl output, tcmpor:ury location. 

D X ~ , D X ~  Gricl line space r s ,  vcrtic:ll grids. 

DUl,  11Y2 Grid line spaecus, horizont.nl grids.  

ECIIAIZ, Standarc1 c1.1.o~ charactor  cotle. 

17CTIAlt l-'redictccl function, iclcal, chnrnctcr cotlc. 



I'I1,LFL 

FTEMP 

IA, IB 

IBIT 

ICALIB 

IDENS 

IDE NS1 

IGNORE 

IGRPHl 

Library of plotting controls. Sce llun Dcclc, 

cart1 G15. 

Fill fl:tg= Fills a r c  identified by -0 allcl a r c  ignorecl. 

Prcdictccl f~~nct ion,  ideal, t c i~~pora ry  locatioll. 

See KGRAPH. 

Calibration reclues t: 

1 = no request 

2 = request calibration of current sensor. 

See IDENS1,2. 

Maximum number of dense predicted points. 

See Run Decli, card  G15. 

Maxim~ull iltumber of dense predictecl points. 

See Run Deck, card G15. 

Ignore current data flag. 

Display control parameter. Coiltrols labelling. 

See Run Deck, card  G15. 

Display coiltrol parameter. Controls labelling. 

See R~ul  Declc, card G15. 

Data pointer index. 

See ICGRAPII. 

See ICRPIIl. 

Sce IGIIPIIl. 

Scc variable JTIME, motlitlc GAllSCS. 

Sec ICCRA1311. 
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h ~ p u  t. JXsplny control bits. 13eginning with thc 

low-order hztlf of tllc word, tlic pui-pose of each 

bit is a s  follows: 

Powcr Variablc 
of 2 Nan1 e Purpose 

0 (none) Display 1 s t  participating scnsor  

1 (none) Display 2nd participating sensor  

2 (none) Display 3rd  participating sensor  

1 5  (none) Display 16th participating senso r  

The following bits clualify the preceding requests.  

Beginning with the high-order half of the word, the 

purpose of each bi t  is a s  follows: 

Power Variable 
of 2 Naine Purpose 

0 1A Display ram7 data 

1 J A  Display ideal predictecl values 

2 I(A Display lfclensefl ideal predicted values 

3 LA Display "+ - 1 ~ i g i l l a ~ ~  envelopc 

4 hilA Display l~~oclified preclictccl values 

( ~ a l i b ~ a t c c l  values), that i s ,  tlis- 

play pi-cdictccl telemetry counts. ,- 

5 NA Display rcsicluals 

Tlic follo\ving bits, in turn, l'ur thcr clu:lliSj~ the p~-ece(I i~ig 

reclues ts: 

6 IB S'upcrilnl~osc all  scnsor  curves,  that 

is, let all sensor s l~ : t~ -c  tllc s:lmcl 



KSO 

LA 

LAUXG 

LDEQF 

LDISP 

LGRPI-I1 

LGRFI I2 

LOCATE 

LC) C I;: Nl) 

LO C 12 1, G 

Ignored :{ t this writing 

Ignored at  this writing 

Display oilly after final resirlls 

of differential correction 

Displzty ceach limc convergence 

in clifferential correction i s  

achicvecl 

Display each time a differential 

correction is applied 

Note: Display requests 10 and 11 may result in a 

large amount of output and should be used with care. 

These requests a r e  intended for special trouble- 

shooting purposes only. 

Calibration request indicator: 

KSO=O - no request, 

I<SO=l - calibration requested. See Section 3, 

Run Deck, carcl G14cl. 

See KGRAPH. 

Relative location of awiiliary ftmc tions. 

Relative location of (differential ecluation) integrated 

functions. See moclule ADAMS. 

Library of plotting controls. See Run Decli, carcl G15, 

I ~ r a m e  atlvalce control. 

Fi.:tmc atlvtti~cc control. 

111put. See paragraph 2.6. 

Input. Eild 01' :~v:iilable \vosl; :I ren. 

It~put. 1lcl:ttivc location of l'I,G ;~L-L';LY used in 

motlule GAI1Sl:C. 



MGRPI11 

MGRPI12 

NAUX 

NCALLS 

NCUT 

NDEQ 

NS 

NT 

NTNS 

NXGRPH 

NYGRPH 

NO 

hlput. Itclnlivc location of Sirs t predictctl f~ulclion, 

Input. IUghcsl loention of ~ o ~ l i  area nssignecl I)y 

module GADSCS, 

IIorizontal grid cmphasis control. 

Horizontal gricl enlphasis control. 

Input. Number of auxiliary functions. 

I/O. Call counter. 

Input. Nun~ber of false position derivative. 

Input. Number of differential equations being inte- 

grated uncler moclule GADSDC. 

Input. Number of participating sensors. 

Input. N ~ ~ n ~ b e r  of data samples for a given sensor. 

Input. The product NT*NS. 

Vertical label control. 

Horizontal label control. 

Pointer index used to identify sensor in pernlanent 

sensor library. 

Location of predicted f~~nction.  

Location of 'aw data. 

Locatioil of rcsiclual. 

Loc:ltion of s:unple tiinc. 

Location of flag word usctl cl~ui-ing outlicr tlctcction. 

I I Io l l c r i t h  1,:iramctc.l' n:ui11 cs. 

111put. I'owcr s of 2, inlcgcr. 



SENMAX 

SENMIN 

TFMED 

TIME 

TLABEL 

TORIGN 

USERID 

Input. Standard tlcviation of fit. Scc inoclulc 

GADSLS zuld GADSST. 

Input. Perinanent libraiy of n ~ x x i n ~ u n ~  vertical 

cleflcction. For example, SENMAX(N0, I); I=1,2 

yields the maximu111 for ideal prediction f~unction 

and modifiecl (calibrated) prediction f~~nct ion,  

respectively. 

Same a s  above except for minilnuin vertical 

deflections. See Run Decli, card G13-6. 

Input. Double precision time origin, in ~nilliseconds 

of year. 

Sanlple time since tinie origin, in milliseconds. 

Input. Hollerith labels for time printout. See 

module GADSDA. 

Input. Time origin array. Refer to Section 2, Usage. 

Input. Hollerith user identification. See Run Decli, 

card GI. 

Input. System paranleters. U corresponcls to 

UTEMP in nlodule GADSLS. 

Input. IIollei-it11 blanlis o r  asterislis, clepcncling on 

whcther the corrcsponcling parnnlctci- in U was rcfinccl. 

IIorizontal left limit. 

I1orizont:~l right limit. 

IIorizontal Icf't limil (to I)c 1o:rdctl fly modulc C l t l l ) l V  only). 

IIorizontul right linlit (to bc 1o:rtlctl by nlotlulc C:l'LIDl\' 

only). Notc: 'l'hc reason for preventing GAIISI'V 



from disturl>ing locations XY anc1 XZ i s  

apparent upon consideralion of module 

PAPER, This moclule recluii*es the left and 

right display limits of the previous frame. 

Lower vertical display limil. 

Upper vertical display limit. 

Explanation: 

Important Considerations: 

The main considerations in this module a r e  to analyze JJJJ 

immediately upon entry (if necessary), to analyze KGRAPH, 

and to generate the executive steps needed to obtain the 

desired displays. 

JJJJ is used to infer high-level branching decisions. If, 

in future use, this variable is to be used to signal certain 

types of displays not yet programmed, use JJJJ code values 

greater  than 32. KGRAPH provides additional detail. The 

lower half of this word determines which sensors a r e  to be 

displayed. The high-order half contains details concerning the 

type of data to be displayed. See Section 4.3, page A-165. 

In addition, it also indicates if curves a r e  to be superimposed. 

The user may, likewise, create a variable such a s  KGRAPH 

in a named common area ,  if he wishes to add displays of his 

own. 

5.2 Internal Subroutines : 

In order to make efficient use of the code, the present nlodule 

contr~ins several internal FORTRAN subroutines, Sitbrouline 

GRAI'IIl clisplnys all sensor curves taking one sensor at :L time. 

Subroutine GlZAI'II2 clisplays all curvcs taking one frame at a 

time, i . e . ,  siipcl.imposing t l ~ c  curves of the various sensors. 



Srtbroutilie 612APII3 ca1cul:~tes the various addresses needed 

to locate the pertinent data in work areas. GRAPII4 loads the 

pertinent character codes from the library. GRAPIIfi is used 

to generate intermediate predicted sensor output functions, i. e. , 

between actual sample times. This i s  done when dense curves 

a r e  to facilitate the interpretation of the output. Finally, 

GRAYHG is  used to display * 1 sigma e r r o r  envelope. 

Film vs. Paper Output: 

When the user  deletes the GADS modules GRIDlV and POINTV 

from the program complex prior to execution, the GSFC system 

modules wi l l  be  invoked. The result is an SC 4020 tape from 

which film o r  hardcopy can be made. Otherwise, the plotting 

will be done on the high-speed printer. 



Motlulc CADWOl. (Wcigllting Ui~nclion, typc I) 

1.0 C:~lling Sccliicncc: CALL GA13-V\701. 

2.0 Category: ITOltTRAN subroutine, GADS worltcr. 

3.0 Purpose: To calculate thc weighting S~tnction to be appliccl to thc 

scluarecl cr ror .  

4.1 Explicit Inputs: None. 

4.2 Explicit Outputs: None. 

4.3 Intermediate and Implicit 1/0 Variables: 

TIME Input. Millisecond since time origin (or since base 

time) for  which weighting function is desired. 

WEIGHT Output. The desirecl weighting. 

Notes: Nornlally the user  specifies a constant weighting functioil by 

means of the sensor definition cards of the type G13-8. This results 

in a constant WEIGHT value for the sensor in q~~es t ion .  See Run Deck, 

card  G13-8. 

vS711en more complicatecl weighting is needed, the options explainecl in 

cards G14a-2,3 overricle the previous logic. As explainecl in the 

carcl description, the user  may specify the ntun~ber, for esan~ple ,  

N, of a n~oclule of the type GADWO1. The value of N may be: 

N=O - usc regular weighting as  in carcl G13-8, 

N=l - use inodulc GADITTO1 to compute \\'EIGIIT, 

N-.2 - use moclulc GADWOS to con~putc \f7EIGIIT, 

As expl:lincd in Section 111. A, PI). 13, 14, Rcfcrcncc I, t llc clcsirccl 

weighting S~tnctions inay I)e complicatctl S~inctioils of timc. Thcy 111:ly 

also bc f~~ncl ions  o f  t l ~ c  envjronmcntnl v:n-i:ll~lcs. 



1.0 C:tlling Scclucnce: Scc below. 

2.0 Category: SLEUTII I1 subroutine, GADS support. 

3.0 R ~ ~ l ~ o s e :  To integrate a s c t  of N first-order s imul ta~eous  cliffcrcntiai 

ccjuations using tlic Adams-Bashford variable step method. 

Variables : 

Explicit Inputs: 

N Number of first-orcler differential equations to be 

integrated. 

Desired accuracy. For  example: 

E = .001 - 3-place accuracy, 

E = .0001 - 4-place accuracy, 

Independent variable o r  abscissa. 

Value of X where P is to be evaluated. 

Variable integration step size. H shoulcl be  s e t  

initially to a reasonable value. 

Array of N, initial conclitions y (0), y2(0), . . . yN(0). 
1 

See examples below. 

Array of N derivatives -1, dy - dy2, . . .LyN. 
dr; c k  clr; 

See samples bclow. 

Chi tpu t Variables: 

1'(N) Array of N intcg,v:ltcd limctions yi (XI'). Note t l ~ t  

thcsc cluantitics a r c  obtainecl Ijy i~ l lc~pola l ion  fro111 

tho I?' s. 



Inlcrmetlinte Vnrinblcs: 

(8 N) Array oC worli space of sizc SN. 

II Variablc step size. Scc 4.1, Explicit Inguts. 

Notes : 

Usage: T l ~ c  f i rs t  step in using this program pacliage is to 

initialize. This is accomplisl~ecl with the following statement: 

CALL ADMSET (N, F, D, P, E, Z,X, H). 

To integrate forward a single step, use the following secjuence of 

operations: 

a) CALL ADMINT 

b) col~lpute the derivatives D 

C) CALL ADMCOR 

Step a) will preclict values of y.; i = 1,2, .  . . N at  X+H and the last 
1 

step will correct. Upon return from ADMCOR, the new values 

y.(X+H); i = 1,2 , .  . . N, a r e  received. 
1 

Next, to obtain the values y. a t  a point XP, use the statenlent 
1 

CALL ADMPAR.(XP). 

Upon return from this call, the ar ray P will contniil the clesircd 

values y. (XP). This will not upset F, D, X, o r  H. 
1 

order to restart  the integration at a discontinuity, 

CALL ADMRES. 

The cIiffcrcncc t:tblc will be clcarctl and can be ch;u~gcd. 



Asstunc tllc system to be intcgratecl is: 

y2 = - sin x 

y = cos x. 
3 

Let the initial conditions be: 

y = F(1) = 0, 
1 

y = F(2) = 0, 
2 

y = F(3) = 0, 
3 

and integrate froin x = 0 to x = 10, printing the results at 

x = 0,2 ,3 , .  . . l o .  The following is a suitable program: 

DIMENSION Z (24), F(3), D(3), P(3), E(3) 

C SET INITIAL CONDITIONS 

C INITIALIZE 

CALL AIIRIISET (3, 1', D, P, E ,  Z , X ,  11) 

1 CALI, AIIMIN'l' 



C CORRECT 

CALL ADMCOR 

C TEST FOR PRINT POINT 

3 IF (X-DP) 1,l 

C INTERPOLATE 

CALL ADMPAIE(DP) 

PRINT 10, DP, P 

10 FORMAT (lX, 4318.8) 

I F  (DP-DF) 3 , 3  

STOP 

END 

References: For  fur ther  discussion about the Aclans-Basldorcl 

par t ia l  s tep  metl~od,  s c e  References G mcl 7. 



Motlulcs CN, 1jN, and SN. (SSlliplic ft~nclions) 

1.0 Calling Scc~qucncc: Scc Usagc. 

2.0 Category : FOR TStAN function, GAIIS acccssory. 

3.0 Rirpose: To compute lhc Elliptic Il~nctioizs of Jncobi. If lhc 

ellil~tic intcgral of thc l i rs t  ltincl, I;' (I<, Q)=u, thc inverse function 

is called the a~nplituclc function y = ain(u, li). The Jacobian 

el1ipf;ic functions a re  defined by: 

a) sn  (LI, li) = sin am (LI, li) 

b) cn(~i, li) = cos am (11, k) 
2 2 

C )  dn(u, li) = (1-k s n  (u, li)) 1/2 

Variables : 

Input Variables : 

U The argument or  par  m e t e r .  

XK The mocl~ilus, li. 

Chitput Variables: The fiulctions CN, DN, ancl SN each return a 

single variable according to the rules of FORTRAN ftulctions. 

Notes: 

Method: The formulae a re  based upon Gausst theory of the 

aritln~~etico-geol~~etrical means ancl Legcnclrct s n~ethocl of 

computation. If a ,and 13 arc  two positivc numbcrs then the secjuenccs 
0 0 , 

a t b  
a = n n a n d l ~ ~ , - ~  := (a b ) 1/2 converge to tllc saint limit, 
n t l  11 11 

thc nYitlmctico-gcol11ctric:~l Incan of a ttnd boa 
0 



2n. sin? 
sin (Pi = 1 i t 1  

(3. +hi) t (a - h.) sinL 9. I 1 
1 i 1 1 

* 
c11 (u, I<) 

* * ?I 
ancl sin Q is obtained from Q4 = - 

2 
- a u. 

0 4 

2 2 -  17 
For &I, cln(u,k), 2 (1-lr sin y o )' for y4 < - - 4 

J1-lrZ 7r 
&(u, k) * for V4 > - 

2 4 (1-li sin2 Q o )  

When lr 2 0.9539, tan y3 = sinh(a 3 o), then tan cp o can be calculatecl with 

2ai tan Q 
i+l  

tan y i  = (ai+bi) - ( a -  tan2 V. 
1+1 

Then tan yo 
sn (11, I;) = sin ci 

'Po - 2 1. 
(I-i-tan VO)  ' 

1 
cn (u , I;) 

2 ' 
(11 tall Q) 

i 2 l i  (1-l< ) t~ul (Po . 
(ill (u , I<) 2 

1 4- tall (P 
0 ' ) >  



SN(U, SIC) in n floating point, aritll~nctic cspl-cssion. 

CN(U, SIC)  in rt Ploatjng point arithnzc tic r~spression, 

DN(U, Sli) in a i1o:rting point a r i  tlunetic cspression. 

-12 
Acc~u~ncy: Relative tr~ulcntion e r ro r  of the order 10 . 
Res trictiolls : 

If XI< < 0, the routine uses 1 XK 1 
If XK > 1, the routine se ts  the functioil to -1. 



Nlodirlc JZOI'TV. (End filc, display) 

1.0 Calling Seclucnec: CALL EOFTV. 

2.0 Catcgoyy: FORTIEAN subroutine, GADS support. 

3.0 131rposc: To replace GSFCfs ~noclulc of thc samc nt~lnc wllcn 

display is tlcsirccl on the high-spced printer. 

Variables: 

Explicit Inputs : None. 

Explicit Outputs: None. 

Intermediate and Implicit 1/O Variables: None. 

Explanation: 

At the conclusion of a run, the last  frame (page) of display remains 

to be output. I-Ience, this module is designed to provide the last  

call to PAPER whose f~~nc t i on  is to generate a frame (page) of 

output. 



Module S31'1SD11'6. (Fyl'SS-D input 1)rcproccssor) 

1 .0  C:dl ing Sccjucnce: CALL EPEDIN(TDArl'A, I'l‘l)Arl'A, F, T, 
r l  *,, i S IART, NFNlt, $). 

Catcgorx: IORTRAN subroutine. 

Purpose: To preprocess input data obtaincd fro111 the p rogran~  

clcscribed in Rcfcrcncc 18. 

Variables: 

Explicit Inputs: 

TDATA Tape input data to be processecl. 

Same as TDATA. 

Total number of frames to he processecl and the 

dimension of F and T. 

Note: This number, coinputecl in GADS/EPED, 

is tlze procluct of the number of frames per  

record and the n~unber  of records brought in 

off tape. 

FORTRAN abnormal r e t~ t rn  aclclress in case clata 

is not up to stanclarcls. See Note 1. 

Explicit O~ltputs : 

F(NFNR,  6) Sensor output f~~nctiolzs for use in attitx~clc c1etermin- 

ation. Thcsc may o r  nlay not be calibrated to 

cnginccring ~ u ~ i t s .  See variable ICALB below. 

T(NFNl1, G )  Observation times corrcsponcling to the vxlucs I:. 

'l'iine i s  i ~ ~ c x s u ~ c c l  in nlillisccontls :untl rcfcrencctl 

to TSfl'A1Yl'. 

This motlulc will computc 'I'STAILT oilly whcn 

vari:!hlc NONCE - 0, Scc Nokc 2. 

13-9 



lntcv~n cclintc :uld bnpl icit 1/O Vnri:tljles: - 

A J3AST O~tlput. Day of ln~u11c11 year. 

ADAl'l Output. Prcviously compu tetl AJIAY. 

AIlOUR. Output. Hour of clay. 

AMILLS Output. Millisecond of minute. 

AMINUT Output. Minute of hour. 

BACFOR Integer pointer indexes used in computing theta 

angles. See Note 3. 

DAYNG Hollerith message. 

DELT Mean frame periocl in milliseconcls. 

DELTCH Mean channel period in milliseconds. 

DMILLS Milliseconds in a day: 86400000. 

EPCOEF EPE-D calibration coefficients. See Note 4. 

I,  11, I11 Tenzporary indexes. See Note 5. 

LARG Argument for table look-up in theta angle 

calibration. See Note 3. 

ICALB Input. Calibration request: 

ICALIB(1) = 0 - no calibration, 

ICALIB(1) = 0 - calibrate, where 

I = 1 - X inagxctomcler, 

1 = 2 - Z rnagnetol~~ctcr, 

I - 3 - solar patch. 

15'OIL13A 

INSY NC 

IOCTAL 

See Hote 3 .  

See Note 5, 

See Note 5. 



Input. Tteclucstcd 1oc:~tions for v:urious scnsor outl t~~ts:  

UtEQST(1) - locatjon for solar patch, 

II.tZG?ST(2) - locatio~l for Z ~nagnctori~ctcl., 

lREQST(3) - location for X mngnetomclcr, 

IREQST(4) - ignorccl, 

IREQST(5) - location for theta ru~gles. 

Note: The tern1 location is the scconcl inclex of F ancl T. 

IT Pointer inclex for F ancl T data. 

IUNIT S See Note 3. 

J Pointer index for sensor output clata. 

K, KK, KKK See Note 5. 

KOUNT Counter for zero data. See Note 1. 

L Pointer inclex for channel to be processecl: 

L = 1 - process charnel 15 (solar patch) 

L = 2 - process channel 14 (2 magnetometer) 

L = 3 - process chaimel 12 (X magnetometer) 

L = 4 - process c11,mnel 16 (or 0) (solar aspect) 

L = 5  - process channel 1 (solar aspect). 

LOOI(N3 

MODLUS 

NCALLS 

NCOEF 

See Note 3. 

See Note 6. 

Call cotu~tcr. 

Input. N~unbcr of cocf'ficicnts in calibration Sormul:.ls: 

NCOEI'(1) - numbcr of cocfficicnts , 
X m:~gnctomctcr, 

NCOISI:(S) - num1,er of cocfficicnts, sol:tr I)alch. 



NONCE Till~ut, \I%cn NONCE = 0, ICPl3DIN-'1 will rcsc.t 

TSrl'ART ancl signal the l~egiilr~ing of a xlcw pnss, 

Note that this variable is  called NONCX in 

1noc1~1le GADS/EPED. 

N1, N2, N3 Temporary ~ r l i i n g  cells uscd in computing theta 

culglcs. Sce Note 3. 

THCALB Calibration table for tlleta angles. See Note 3. 

TIJ Data sanlple time relative to TSTART, milliseconds. 

Note that channels 12, 14, ancl 15 are  adjusted for 

commutator delays. 

TORIGN See mocl~tle GADSLS, 

TPREVl Double precisioil (previous) previous frame time 

relative to TSTART, milliseconds. 

TPREV2 Double precision previous frame time relative to 

TSTART. 

ZFRMP Hollerit11 messcage indicating zero franle period. 

See Note 1. 

Notes : 

Data Standards: The I t  EPE-D Attitude ancl Orbit Tape Extract 

Program, Reference 18, may occasionally procl~tce zeros. This 

signals poor data clt~ality. In sue11 cases the data shoulcl be clis- 

carded. Fl'l~cn TDArl'A(3) = 0 (the mean frame period), the entire 

recorcl sl~oulcl be discardecl. \47I1cn tul indiviclual sample is  zero, 

only that srul~plc shoulcl be cliscnrclcd. 

l'lesctling the Ti111 c Origin: Nor111 ally EI'E DIN will bc involcccl 

several tirllcs dux-ing tllc one t lnl :~ pass, Ilencc, lllc l i ~ ~ z c  origin 

r ,  7 r ,  15 1 AlX'l' shoulcl not be tlist.rirl~ct1 csccpt to st:trt :L ncw pass. 'L'he 

c:llling ~)~ol?;vam GAI)S/E:I'I<Ll c:tuscs TS'I'ARrl' to bc rcsct by 



5. 3 Optic:11 Aspect (::llcul:~tjons : Ol~tic:tl aspect tlatn :urc proccssctl 

according to the instructions i n  Altpcncliu 1, Rcfcrcncc 20, 

These instructions arc as  follows: 

"Channel 0 :md cl~:uu~cl 1 contain the EPE-D ol~tical aspect data. 

To reduce solar aspect clata, perforill the following steps: 

1. Examine chrumcl 1 for x value other than zero. Call this valuc N3. 

2. Call thc value of cl~anncl 0 immediately preceding N3, by the 

name N2. Note: The telemetry transmission order of channels 

i s l ,  2 , 3 ,  ..., 15,O. 

3. Call the value of channel 0 preceding N2 by the name N1. 

SEE-SUN TIME EXTRACTION 

The value of N1 is a time vernier. It identifies tlle particular 

one-eigllth of the frame immecliately preceding N1 cluring which 

the sun appeared in the plane of the aspect; sensor. For example: 

If N1 = 100, the SLUI appeared c l t~~ ing  channels 1 and 2 prior to N1. 

If N1 = 200, the sun appeared during chmzels 3 and4  prior to N1, 

ancl s o  on. 

If N1 = 000, the SLUI appearecl during chaimels 15 ancl 0 (of wl~ich 

N1 is channel 0); i. e. , the sun appearecl during readout of N1, 

SUN ANGLE EXTRACTION 

Tlle valuc of N2 rmd N3 provide a illensure of the zu~glc (8) between 

the satellite spin r~xis :md tllc incicleilt s~uzlight at  the tinle given 

by N1. " 

The ca l i l~~nt ion  t : i l l~  for the theta ~inglcs i s  shown in the same 

refcrcncc. It is includetl in this program i~lcl storctl in tlic al-ray 

TJIC:A1,13 in the fornl ctl' constants. Unl'ortiul:ttcly, tllc inctliotl ol' 

dctcrmining thc:ta Srom N2 aild N3 is not straight-forwart1, 111 this 

motlulc, :I pointer intlcx LAltG lo vctvicvc tlic 1-ccluirccl :ulglc from 



thc tnl~lc  i s  coml~utccl, LARG c:111 I I ~  assiimctl to be :L two digit numfscr 

i n  the octal system. Thc low ortler cligit is calletl ITJNITS; the high or t ler ,  

IOCTAL. 

As  illustratccl in Table 1-1, Appenclix 1, Reference 20, IUNITS is c l e t e ~  

i~ i ined  by N2, IOCTAI, fly N3. In addition, there is a correspondence bet- 

ween N3 and the digits 0 through 7,  as follows: 

corresponds to 0 

corresponds to 0 

corresponds to 1 

corresponds to 2 

corresponds to 3 

corresponds to 4 

corresponds to 5 

corresponds to 6 

corresponds to 7. 

N2 works in  the s a m e  way when N3 = 0, 3, 6, and 5. In the other  cases ,  

however, N2 worlis i n  r e v e r s e  order .  To coixpute IARG, it is necessary  

to  t ransform N3 according to the foregoing table and t ransform N2 according 

to the s a m e  table but taking into account the fact  that it sometinles works 

baclt.cvards, a s  s ta ted above. The variable IFORBA determines whether to 

go backwards or fortvard by means of the cligits 2 and 1, respectively. These 

indicators a re  s tored  in  a r r a y  BACFOR. 

5.4 Calibration Coefficients : Ca1ibr:ition coefficients a r e  providetl 

by the user through variables EPCOEF and NCOEF which a r e  

read from carcls in  pi-ogrnm GADS/EPED. The formula i s  

al\vays assumed to I)e of the form: 



where x - telemetry count 

y = engineering value 

th 
C. = i- calibration constant, 
1 

n = ntulnber of constants. 

th 
111 order to obtain n and the value of C. for the j- sensor, 

1 

then, 

n = NCOEF(J) 

C.= EPCOEF(1, J). 
1 

The sensors a r e  numbered so that: 

J = 1 - corresponds to X niagnetonieter, 

J = 2 - corresponds to Z magnetometer, 

J = 3 - corresponds to solar patch. 

The optical sensor calibration is a~~toniat ical ly perfornled 

separately, see  above. 

Because this  nodule was originally written to extract the data 

fro111 the EPE-D Master Digital Tapes (Xeference 18), several 

of the original varible naines r e n ~ a i n  vestigial. These include 

11, 111, 1111, 1<1<, I<I<I<, I<I<I<I<, and INSYNC. 

5. G Unn:~c.ltin~ the Innut Wortl: 

Since the input data arr ives paclied into one 1108 word, i t  is 

nccess:lry to s t r ip  the bits nccor(1ing to thc 1-rrlcs given on page 

i, refcrencc 18, 7'11is i s  :~ccoil~l~lisl~etl  Ijy repe:llecl rcm:rindcring+ 

The tlivisors a r e  stored in array h/lOI)I,TJS. 



Moclulc FJIJST. (Snctlccor I? clistribution) 

1.0 Calling Seclucnce: CALL FDiST(P, F1, F). 

2.0 Catcgory : FOItTRAN subroutine, GAIIS ncccssory . 
3.0 Purpose: To compttte thc 2' statistic for a givcn probability 

level a s  a function of t l ~ c  two specified nuillber of degrees of 

freedom. 

Variables: 

Explicit Inputs: 

The probability level for which the F statistic 

is to be computed. 

F1 The number of degrees of freedolll for the f i rs t  

variable. 

The n~u l zbe~  of degrees of freedom for the 

second variable. 

The F statistic as a function of the specified 

variables. 

Notes: The subroutine computes the value of the Snedecor Fy 

for F1, F2 degrees of freedom, where Y is the probability level. 



Motlule FIITSTE. (17 cfistriltulion for 1'1 cven integer) 

Calling Scclucnce: CALL I~L>ISrI'T:(P, F1, 

2.0 C:ttcgory: FORTRAN subroutine, GADS accessory. 

3.0 Purpose: To compute the F statistic for a given probability 

level when the n ~ ~ n ~ b e r  of degrees of freedom of the f i rs t  variable 

F1 is an even integer. 

Explicit Inputs: 

P The probability level for which the F statistic 

is to be computecl. 

The number of degrees of freedom for the f i rs t  

variable. 

The number of degrees of freecloln for the seconcl 

variable. 

Explicit Outputs: 

F The F statistic as a function of the specified 

variables. 



Moclrlle IpI11: T,I>G. (1pIJ.: J,DG simulntor) 

1 . 0  Cnlling Scqucncc: CALL FIET,IIG (IILAT, DLON, ALT, TIM, 

N, J, 131, 132, B3, B). 

2.0 Category: FORTRAN subroutine, GADS accessory. 

3.0 Rrrpose: To simulate the calculations perforniecl by FIE LDG 

program docun~cilted in Reference 9. 

Variables: 

E x ~ l i c i t  Inmrts : 

DLAT 

DLON 

ALT 

TM 

Degrees latitude (not used) 

Degrees longitude (not used) 

Altitude, kilometers (not used) 

Time in years (not used) 

Maximum degree of expansion plus one (not used) 

Control variable (not used) 

Exclicit Outyuts: 

B1 North coniponent of field 

B2 East  component of field 

B3 Vertical coi~lponcnt of ficld (positive down) 

Total ficlcl (magnitude) 

Units of I7 arc same a s  cocfficiciits 



BX North component c s a ~ ~ i p l c s  

BY East compoi~cnt cxniliples 

BZ Vertical component examples 

B Total field 

L Call counter 

M Exan~ple pointer 

5.0 - Note: This module i s  a dummy or stand-in for FIELDG docu- 

mented in Reference 9. For definitive s i l~ i~~ la t i on  t l ~ e  original 

FIE LDG should replace this modt~le. For quick checkout purpose, 

however, this fast and co~lipact version i s  adequate. Also note 

that the authors of Reference 9 have developed i~ll l~roved versions 

since 1964. 



Motlulc GJSNOTXM. (Normally distributed rnndon~ n i i n i l ~ c ~  gcncrntion) 

1.0 Calling Sccjncncc: CATAL GENOliM (AV, W, VAR). 

2.0 Category: FORTRAN subroutine, GADS accessory. 

3.0 Pi1 ~ J I O S C :  To gcneratc randonz numbers with approximately nor- 

mal distribution, 

4.0 Variables : 

4.1 Explicit Inputs: 

AV 

Explicit Outputs : 

VAR 

Notes: 

Usage: 

Desired n ~ e a n  (average) 

Desired standard deviation 

Random variate with izlean AV and standard 

deviation W. 

The output variable is VAR and the user ilzust supply AV a l d  

W a s  described above. Only one VAR is generated per  call. 

GENORhI can be used for  generating distributions wit11 different 

W and AV ~vithout regard to order. 

5 .2  h4athei~1ntical Note: 

Using tllc subroutine RANDOR/I, first obtain incliviclual snl~lplcs 

X. fron1 a sc t  of randoill n ~ ~ m b c r s  unifor~nly distributccl in thc 
1 

0-1. Thc se t  has a illcan onc-half xnd standard cfcvintion 

of onc-l\i~clth sincc thc first ~noment  (imc:u~) is: 



Then a nc\v ranclon~ sample is forined from six individual samples. 

First consicler 

which is a sample from an approximately normal clistrib~~tion and 

has, by the Central Limit Tlleoren~, a standard deviation, 

Observe that a new randon1 variable with unity variance can 

easily be generated: 

where the distribution has the property 0 (p - - 1. 

A sample can now 1bc obtained froill a se t  having a clesirecl stantlarcl 

deviation, W, by multiplying a gencrntcc1 value of @by W. 

A new mean, AV, can be inti.oduccd into the clistribution by adding 

AV to cncll incliviclual sample. Therciorc, the final formula for 

the program vari~tble VAR i s  



Moclule GltJJ3IV. (G. S. 17. C. GRIu lV  simulation) 

1.0 Calling Secl~~ci~cc: CALL GlZlDlV(LPL, X L I ,  S l t l ,  YB1, YT1, JIIXI, 

DY1, NPL,  MPL,  P L ,  J P L ,  NXPL, NUPL), 

2.0 Category: FORTRAN subroutine, GADS support. 

3.0 Purpose: To replace GSFC1s module GRIDlV when displays are 

preferred on the high-speed printer. 

4.0 Variables : 

4 .1  Explicit Iulx~ts: 

LPL Ignored. 

XL1, XRl Horizontal left md right limits of the grid. 

DX1 Vertical grid line spacer. 

DY1 Horizoiltal grid line spacer 

NPL, M P L  Ignored. 

IPL, J P L  Ignored. 

NXPL, NI'PL Igxored. 

4.2 Explicit OLltputs: None 

4 . 3  Intermcclinte mcl Implicit 1/0 Variables: 

BLANKS IIollerith bla~d<s. 

DELX Output. IIorizoiltal grid size or  span. 

DELY Output. Vertical grid size or span. 

DY Output. llorizontnl grid lint sl):~ccv. 



EJNOT 

NCALLS 

PRARR 

XFACTR 

YFACTR 

IfIollcrilh prilitcr control, n:umcly G 1 J - t .  

Scc Module GAIISDV. 

Call countcr. 

0~1tllut. Print  array.  

Outllut. Horizontal coilversioil to r as te r  

couilts factor. 

Output. Vertical coilversion to ras te r  counts 

factor. 

Output. Left limit of grid. 

Output, Right limit of grid. 

Output. Bottonl limit of grid. 

0utl)ut. Top linzit of grid. 



1.0 Calling Sccl~~cncc: CALL IIIjIAG (NV, ITJECF9 NR, COltMArT9 SVEC', 

EVEC, IQ). 

2.0 Cntcgory: FORTUN subroutine, GADS accessory, 

3 .0  mrpose :  To compute the cigcnvalues and eigenvcctors of a real 

sylnlnetric matrix. 

4.0 Variables : 

4.1 Explicit lilll?uts: 

NV 

IVECF 

Number of variables in the fitting process; i. e. , 
the order of the matrix CORMAT. 

IVECF=O is a flag to conlpute both eigenvalues ancl 

eigenvectors. 

IVECF=l is a flag to conlpute only eigenvalues. 

CORMAT Parameter correlation lnatriv for whicll the eigen- 

values and eigenvectors a r e  to be computecl. 

Explicit Oc~tputs : 

NR The n ~ ~ m b e r  of rotations. 

EVEC Matrix con t a l i l~~g  the eigenvectors. 

SVEC Telnporary storage vector. 

IG? Temporary storage vector. 

Notes: This subroutinc computes tlle cigenvnlues of cigcnvectors of 

a. uc:~1 symmetric mntrix using the Jacobi ~ncthod. CORMAT is 

cliagon:tlizecl, tllc cliagonnl clcmcnts bcing tllc cigcnv:llucs, Only 

thc elcmcnts of CORMAT t l~at  a r c  to thc of: tllc main c1iagon:il 

:trc opcrntctl ul)on, :mil only this trimgulni* sccetion nccxl 11c p:kssctl 

to t l ~ e  s~i l~ro~t t inc .  



Motlule INNERI'. (Vector ii11lcr groduc t) 

1 .0 Calling Scqucncc: CALL INNERP (A, B, C). 

2.0 Category: FOItTRAN sul~routine, GADS accessory. 

3 . 0  Purpose: To calculate the iimer product, o r  dot product, of 

two car tes ia i~  vectors. 

4.0 Variables : 

4.1 Explicit Inputs: 

4 3 )  First cartesian vector. 

B(3) Second cartesian vector. 

Explicit Outputs: 



Motlulc JN'l'ERP. (Linenr inteupo1:~tion) 

1 . 0  Calling Secj~~cnce: CALL INTERP ($1, $2, X ,  Y,  A ,  F, I, J). 

2.0 Category: FOIETRAN subroutine, GADS accessory. 

3.0 Purpose: To perform linear interpolation. 

4.0 Variables: 

4.1 Explicit Inputs : 

$1 Er ro r  return. This r e h ~ r i ~  is involiecl whenever 

A a  (I). 

E r ro r  return. This return is iilvoked whenever 

A>X(J). 

Table of abscissae. 

Table of ordinates. 

Argument abscissa. 

Lower starting location for search. 

Upper limit location for search. The search goes 

from X(1) to X(J), inclusive. Thus, X(I)<A<X(J) - - 

for a s u c c e s s f ~ ~ l  return. 

Esplicit Outputs: 

I? Interpolntecl f~~ilction. 



Motlulc LOCA1,I. (Locb:~l to inertial tr:unsIorrn:~ tion) 

1.0 Calling Secluencc: CALL LOCAL1 (DL, BI, RA, DECL). 

2.0 Category: FORTRAN subroutine, GADS accessory. 

3.0 Purpose: To transform from local north-east-vertical systclll 

to vernal. ecluinox sys tern. 

4.0 Variables : 

4.1 Explicit Inputs : 

BL(3) Cartesian vector in local coorinclates. 

R.A Radians longitude of sub-sattelite point. 

DECL Radians latitude of sub-sattelite point. 

Explicit Outputs : 

BI(3) Cartesian vector in inertial ~oo~cl inates .  

Intermediate Variables : 

ANGL1 Fi r s t  rotation, about +y axis. 

CO1 Cosine ANGL1. 

SI1 Sine ANGL1. 

C02 Cosine RA. 

S12 Sine R.A. 

Notcs: Tlle t r ans for~~~a t ion  iron1 local north-east-clonrl1 systenl 

to tlle GEI vernal ecluinox system achieved by tnrl1\lo successive 

rotations. F1:rol~l Figure 14 i t  i s  evcidcllt that the livst rotation 

can bc ANGLl aljout the positive y :uis. In terms of matrices, 



Firs t  rotntiotl = 

-sxi 

Second rotn.t;ion = S12 [:": 
The product is: 

0 ST1 
1 
0 COI. o 1 



Modulc LOGCAL, (Boolcnn logical operations) 

1.0 Calling Scclucnce: Scc Usagc. 

Category: SLEUTIi 11 funciion, GADS support. 

3 .0  X%~rposc: To provide BooJean logic support. 

4.0 Variables : 

Input Variables : 

I First  argument 

J Second argument 

Output Variables : 

This m o d ~ ~ l e  returns a single variable according to the FORTRAN 

f~~nct ion rules. 

Usage and Illustrative Examples : 

Exai~iple 1. Logical "ORu, fixed and floating point aritlulletic, 

respectively: 

Example 2. Logical "ANDff, fixed mcl floating point a~i t lmet ic  

respectively : 

E s a i l l ~ l ~  3. Logical ffcxclusive ORff , fkccl and floating point 

ari t l~~x~ctic,  rcspcctivcly : 

IGIUiOR(JJ) 
FIG- XOR(U). 



Other Entry Pojnts : The Iollowing cxnmplcs illus tr:~tc nr1clition:~l 

cntry points: 

Example 1. Load froin I the partial word as per thc J indicator: 

The first; exan~ple i s  usccl i11 fiuecl point aritlunetic, ?he second, 

in floating. Refer to Figure 13 for J indicator codes. This figure 

is talcen fro111 Reference 8 which should 1x3 consulted for details 

concerning UNIVAC 1108 partial word capability, 

Example 2. Load current address without sign extension: 

L=LODPRT(I, 1 G 8 )  

Exail~ple 3. Load current address with sign extension: 

L=LODPRT(1178) 

Example 4. Store partial word from I to K as  per J inclicator: 

CALL PRTSTR(1, I<, J), 

See Figure 13 aucl Reference 8 for a l is t  of J operators. 



Moclr~le MA'L'M. (M:~trix mttlliplicnlion) 

1.0 Calling Scclueacc: CALL MATM(A, B, C , N, L, M). 

2.0 Category: FORTRAN subroutine, GADS s ~ q ~ p o r t .  

3.0 Purpose: Matrix multiplication. 

4.0 Variables : 

4.1 Explicit Inl~uts : 

A(N, L) Fi rs t  matris .  

B(L, M) Second matrix. 

N Number of rows in A. 

L N ~ ~ m b e r  of colull~ns in A, rows in B. 

M Number of colullllls in B. 

Explicit Outputs : 

C(N, M) Matrix proc1~1ct A * B. 

Notes: All inatrices a r e  l~andled so that the nlathelllatical symbol 

B.. correspollds to B(1, J). 
1J 



Module -- X'lOVJ':. (Ipnst dntn transfer) 

1.0 Calling Secjucnce: CA'l,I, MOVE(& l3, N, NA, NB). 

2.0 Category: SLEUTH I1 subrouti~lc, GADS support. 

3.0 Purpose: to n~ovc data, especially when speed or  convenience is needed. 

A first word address of data source. 

B first  word address of data destination. 

N nuinber of data to be moved. 

difference bettveeii addresses of successive data 

source locations, 

difference between addresses of successive data 

destination locations. 

5.0 Notes: 

5.1 Efficiency: on the UNIVAC 1108, MOVE is more efficient than a ttDO" 

loo]:, 'ivl1e11 N < 5. 

5 .2  Features: NAaizd/orNBn~aybeposit ive,  negative, orzero ,  

5. 3 Usage and Illustrative Exaizples: the following 4 exanlples sho1r7 a "DO" 

loop follo~ved by an eq~~ivztlent MOVE statemelit. The exanlples refer to 

variables given in the "DIMENSION" statement. 

DIMENSION U(40), V(40), W(25,40), X(30,40), Y(20,10,40), Z(lli,15,40) 

IX) 11 ;1 ,40  
V(1) -- U(1) 

CAT,T, XIOVE (U, V, 40,1,1) 



CALI, MOVE (0.0, U(I t 3) ,  1 8 , 0 , 2 )  
CALL MOVE (0. 1, U(I-1-4\, 18 ,0 ,2 )  

Example 3. 

CALL MOVE (W(7, I ) ,  X(5, I ) ,  12,25,30) (For 
use of 25 and 30) 
CALL MOVE (W(11,40), X(9, I ) ,  12,  -25,30) 
See the diniensiolls of W and X) 

Exaniple 4. 

CALL MOVE (Y(5,1,23),  2(3,4, I), 9 ,20,225)  
(225 = 15*15, see Z Dimension) 
CALL MOVE (Y(G,3,40), U, 9, - 2 0 0 , l )  
(-200 = -20*10, see Y Dimension) 



Module NIIIST. (Norm a1 dis t.ribution) 

1.0 Cnlliilg Scq~~cncc:  CALL NDIST(P, U). 

2.0 Categol-y: FORTRAN subroutine, GADS accessory. 

3.0 R ~ r p o s e :  To col~lpute ilornzal distrilx~tion percentage points. 

4.0 Variables : 

4.1 Explicit Inputs : 

Explicit Outputs: 

The probability levels for which the percentage 

points a r e  to be computed. 

U The normal distribution percentage point. 



I, 0 Calling Scclucncc: CALL I'APEIL 

2.0 Category: FORTRAN subroutine, GADS support. 

3 .0  Purpose: To g c i ~ c ~ a t c  a page (frame) of l>rintccl display in a 

Iligh-spcecl printer. 

4.0 Variables : 

Explicit Inputs: None 

4.2 Explicit Outputs: None. 

4 . 3  Intermediate and Implicit I/O Variables: 

BLANKS Hollerith blanlis. 

BLANK1 Hollerith blanks except for left-nzos t character. 

This character is a hollerith 1 and its purpose 

is to eject paper. 

DASHES Hollerith clashes. 

DASH1 Hollerith clashes with exception sinlilar to 

BLANICl. 

DX Input. Horizontal tic mark spacer. DX=O meals  

no tic marlis. 

DY i t .  Vertical tic niark spacer. DP = 0 means 

no tic marlis. 

MIIIYltD Word containing clcsircc1 11oi.izontal ras ter  position. 

IXRGTII IIorieontal m s t c r  positioii within word. Each ~vorcl 

has G r a s te r  positioiis. 

J OI'ERS J operators necdcd to pcrform partial word 11:lntl- 

ling. Scc Figitvc 13 iuld motlulc 1,OGCAL. 



J OPX 

PRARlt 

PltARR1 

VERTIC 

XFACTR 

XGRID 

XGRIDl 

XL 

XR 

YB 

YT 

YFACTR 

YGRID 

YGRIDl 

J operntor for storing clcsirccl symbol ill print 

array XGRID. 

OL~tput. Print array area. 

Same a s  PRAItR. 

Input. Vertically oriented tics for x-grid. 

Input. Abscissa scale factor for conversion to 

ras ter  counts. 

Output. Print area for horizontal grid. 

See XGRID 

Input. Left limit of display area. 

hiput. Bottom limit of display area. 

Input. Bottom liliiit of display area. 

Input. Top limit of display area. 

Input. Ordinate scale factor for conversion to 

ras ter  counts. 

O~tput.  Vertical gricl print area. 

See YGRID. 



Modulc I'OIN'VV. (Plot :t point) 

1.0 Calliilg Scclucncc: CALL POINTV(X, Y,  NSYMB). 

Catcgory : FORTRAN subroutine, GADS support. 

3 .0  R ~ ~ p o s c :  To replace GSFCts POINTV in order to display on a 

high- speecl printer. 

Variables : 

Explicit Inputs : 

X Abscissa of desired display. 

Y Ordinate of clesirecl clisplay. 

NSYAlIB Synlbol selector. See Table 4. 

Explicit Outputs: None. 

liltermecliate and Implicit I/O Variables: 

BLANKS Holleritll blculcs. 

IXR Abscissa ras te r  count. 

IXRIVRD Worcl containing desirecl horizontal raster 

JOPERS 

JOPX 

JOI'S 

position. 

IXnGTH I-Iorizontal raster position within worci. Each 

word has G r a s te r  positions. 

J operators necclcd to perform partial worcl hrulcl- 

ling. Scc Figurc 13 and motlule LOG CAL. 

J operator for storing clcsircd symbol in print 

ar ray PRAILR. 

J opcratoi* for cstractillg clcsircd synlbol fi-0111 

sy~nhol l i l~unry  SY M 13LS. 



x)nAnn 
PItARRl 

QUESTN 

RESSYM 

SYMBLS 

Out~>ut. Print array xrca, 

Snmc as PnARR. 

Special symbol used in plncc of clcsircd SYMBOL 

whcncver the computcd position (site) is  occupiccl. 

Resident symbol occupying computecl position. 

Input. Library of pacltecl hollerith symbols for 

plotting on high-specd printer. See module GADSDV 

and Table 4. This set  of synlbols conforms as  much 

as  possible to the one used by GSFC's POINTV as 

shown on page 11-81, Reference 10. 

XFACTR Input. Abscissa scale factor for conversion to 

horizontal ras ter  coimts. 

XL Input. Left limit of display area. 

XR Input. Right limit of display area. 

YB Input. Bottom limit of display area. 

YT Input. Top limit of display area. 

YFACTR bput. Ordinate scale factor for conversion to 

vertical ras ter  counts. 



Modul c PWIIANII. (1% rtinl word hxntlling) 

1 .0  Calling Sccltrcncc: See Section 2, Usngc. 

2.0 Cntcgory: SLEUTII I1 subroutine, GADS support.. 

3.0 R~rpose :  To pack and unpack arrays. 

Source address. 

Destination address. 

Item number o r  pointer index in array. 

Half, third, o r  sixth-word selector: 

M=2 - half worci, 

M=3 - third word, 

M=6 - sixth word. 

Note that the variable M neecl not be considered 

when using the various alternate entry points. 

See 5.2, Usage. 

Notes : 

Need for PMTHAND: 

The executive activities in GADS depencl on numerous switch lhd<ages 

o r  chains. These chains a r e  the genetic matter of the GADS esecirtitrc 

clecision process. Bec;~use of their large ilun~ber, i t  is clearly 

desiral.tle to maintain them in packed form wllcnever possible. 

Assmnc tlmt i t  i s  necessary to pncl; the array LINK17 into array N C F  

by third \vorcls. See Figure 12. IIcncc, LINI<1: ant1 NC1: a r c  the sourc'c 



ant1 tlcs tinalions, rcspcctivcly. To pctclr the f i r s t  7 words thc 

lollowing sccjuencc woulcl be used: 

DO 10 I =  1 , 7  
CALL PWDS(LINI<F, NCF, I, 3 ) .  

Converscly, to loacl LINISF froin NCF, the seclucnce would be: 

DO 10 = 1,7  
CALL PWDL(NCF, LINI<F, I, 3). 

Note, that PWDS stores  (packs) while PWDL loacls (tml~aclis). 

More  efficient u s e  of this module is afforclecl by the multiple entry 

points. That  is: 

CALL PWDS(S, D, N, 2) 

CALL PWDS(S, D, N, 3) 

CALL PWDS(S, D, N, 6) 

a r e  e q ~ ~ i v a l e n t  to: 

CALL SHALVS(S, D, N, X) 

CALL STHRDS(S, D, N, X) 

CALL SSXTHS(S, D, N, X) 

respectively, The variable  X will be ignored and this type of 

ca l l  will r e su l t  i n  a slightly reducecl e x l ~ e n d i h ~ ~ e  of time. 

Similarly, to loacl halves, thirds,  and sixths: 

CALL LI-IALVS(S, D, N, X) 

CALL LTI-LRDS(S, D, N, X) 

CALL LSXTIIS(S, D, N, C) 

rcspcc  tivcly. 



Module 1<A I)TzCI,. (Right nscension, cleclination) 

1 . 0  Calling Scclucnce: CALL RADECL (S, RA, DEC). 

2.0 Category: FORTRAN subroutine, GADS accessory 

3.0 Purpose: To compute right ascension and cleclination, given the 

unit vector in the vernal ecluinox system. 

4.0 Variables : 

4 .1  Explicit Inputs: 

x(3 ) Cartesian unit vector. 

4.2 Explicit Outputs : 

R A Right ascension, radians in  the range (0, 2x).  

See 5.0, Notes. 

DEC Declination, radians in the range (- r, +T). 

4.3 Intermediate Variables : 

Temp 1 Magnitude of X projected onto equatorial o r  x-y plane. 

5.0 Notes: When the projection of X onto the x-y plane is very  small ,  
- 9 

i. e .  , less than 1 . 0  x 10 , the declination is se t  to  +n/2 o r  - n/2, 

depending on whether X(3) is positive o r  negative. In this case the 

right ascension is not properly defined and is arbi trar i ly se t  to 

+n o r  -n depending on whether X(2) is positive o r  negative. 

- 9 
Moreover, whenever ( X(I)  I is l e s s  than 1 . 0  x 10 , the right 

ascension is se t  to + 7 ~ / 2  o r  - 7r/2 depending on whether X(2) is 

positive o r  negative . 

A cliscontin~~ity in RA will l_tc observed i f  the vector X passes 

tlenrly 01- exactly over the north (or soulh). 



Module l<ANIlOTVI, (Uiriform pseudo-rnndom number generator) 

1 . 0  Cnlling Sequcnce - : CALL RANDOM (X) . 

2.0 Cntcgory: SLEUTIT 11 sul~routine, GADS accessory. 

3.0 I'urpose: To generate random numbers with approximately 

uniform ~I i s t~ ibu t ion ,  

4.0 Variables : 

4.1 Explicit Inputs: None. 

4.2 Explicit Outputs : 

X Pseudo-random number in the range (0-1) with 

approximately uniform distribution. 

5.0 Method: The multiplicative ~ o n g ~ u e n t i a l  method in References 

11 and 12, is 

Ki = aK + c (mod M); i = 1 , 2 , 3 . .  . 
i- 1 

In tile present module, 

35 
Thc sccjucncc I< IC2, . . . is in the open interval (0, 2 ) and has 

35 
1' 

n cycle of 2 o r  less .  In order  to  obk~in  floatii~g point output, 

s., thc  27 most significant bits of T<. a re  retained and combincci 
I 1 

with : t n  exl>onent such that 



3 5 35 
111ust bc equal to 2 -31, the largest  yviinc less than 2 . Con- 

35 
scqucntly, the cycle of this ~1.Zgol.ithm is less t l~an  2 . 



Calling; Secluenec: C A L L  SEAJ3CII (I<, L, M ,  N, $). 

2.0 Category: FCIRTRA N subroutine, GADS support. 

3 . 0  Purpose: To search It< words in an array M to identify the 

argument L. 

4.0 Variables: 

K Number of consecutive cells to investigate. 

L The argument to match bit-by-bit. 

M Array to search. 

$ Return address i f  search is unsuccessful. 

4.2 Explicit Outputs: 

N The pointer index i f  a match is successful. 



Category: FOR 'SIIA N subroutine, GA DS accessory. 

3 . 0  Iarpose:  To determine the occultation s t a t ~ ~ s  (shade) of a specific 

sensor. 

4.0 Variables : 

4.1 Explicit Eip~tts : None, 

Explicit Outputs : ---- 

$ Alternate return if the sensor is ~ i o t  occulted. 

4 . 3  Intermediate and Implicit I/O Variables : 

AVERTS(2,4) Input. Splierical coordinates for the vertices: 

€I. = AVERTX(2, j). 
J 

CSHADA Critical shadow angle, degrees. See Note 4. 

COSA Cos (A), where A is one of the three angles A ,  

B, C discussed in 5.0,  Notes. 

FTEMP Input. The theoretical o i l tp~~t  of a cosine sensor 

operating on. SPRIME . 

I1 The total i1111nber of triangles. 

INTEP2 Input. See module GADS/EPED. 

J Pointer index for vertices. 

NCALLS Input and output. Cal l  counter. 

I3 PjI ;npuLL. I<ndians per degree, 



SCRC>SV(~)  Tile sincs of the t.111-cc grc:~t  arcs joining t h e  source 

and the thrce vcrtices of a given triangle. 

SDOTV(3) The cosines of the same a rcs .  See the preceding 

line. 

SIHADAN Shadow angle. The accumulator for A+B+C. 

(See Notes) 

SHADCR (4) Input shadow criteria: 

SHADOW(1) = criterion for testing SHADAN, 

SHADOW(2) = criterion for testing FTEMP 

(this is a coarse occultation criterion), 

SHADAN(3) = not used, 

SHADAN(4) - not used. 

SPRIME(3) Input. The sensor operand (see module GADFOI). 

SOUR C E(3) Input. See EQUIVALENCE statement. The user  

specifies his source of radiation by means of the 

said statement. 

VCONE Coarse criterion for FTEMP. 

VDOTV(3,2) Cosines of the p e a t  a r c s  defining the spherical 

triangles mesh: 

VDOTV(j,i); j = 1 , 2 , 3  -- three cosines 

for triangle i. 

VERT13X(3,4) Cartesian compoilcnts of the vcrtcx vectors: 

VERrJ'l<X(k, j); Ir -. 1 , 2 , 3  -- thrce com- 

ponents for vertex j .  

ALL OrI'III3IZS For all other vilriables, rcfer  to module CADFOI. 



5.0 Notes : 

A s  illustraterl in I p i g ~ ~ r e  19 ,  the center of ~ o o ~ d i n n t e s  is the 

sensor and i:; :tssumccl to lse infillitesimnl in size. The object 

causing the occultation is defined on the unit sphere by the 

vertices V. which a r e  finite in number and a r e  joined by great 
J 

arcs .  (The user provides these vertices a s  discussed below. ) 

This object is divided into a s e t  of adjacent non-overlapping 

spherical triangles. 

Whether the sensor (origin) is in view of the source S depends 

on whether the vector S is inside any of the triangles. The 

approach talten in this module is to compute the angles A, B, 

and C shown in  Figure 19b o r  19c, When S is inside a given 

triangle, as in  Figure 19c, A+B+C = 360"; when S is outside, 

a s  in  Figure 19b, A+B+C is less  than 360". Thus the method 

consists of comparing A+B+C to 360 O .  The present analysis 

is not dependent on the sensor being physically a t  the origin of 

the coordinates. 

5 .1  Preliminary Calculations: 

To perform the preceding analysis it is necessary to determine 

the vectors V defining the triangle mesh and the cosines of the 

great  a r c s  a , p ,  Y. Since these quantities a r e  constants 

in the spacecraft coordinate system, they need only be computed 

once (in the f irst  call). 

Number the triangles with the symbol i ;  i =. 1 , 2 ,  . . . 11, the 

vertices with j - 1 , 2 ,  . . .II-t-2. (This can always be clone. ) 

'jlc 
is the 1~ component of the j vertex. In this module, 

the cornponcl~ts of j vertex for examplc, a r c  computed from 

the anglcs 
' j  

and 0 . which Ibe user must supply (in tlcgrccs), 
3 

'I'hcsc nnglcs itre defined in the same way t11:tt scnsor orient:ltio~~ 

:tngles a re  defined, See Figure 16. 



Tile componcnLs are given by: 

V = cos ( j) sin ( m j) 
~2 

Then the cosines of the great a r c s  are:  

cos ( p .) = Vj+l* Vj+2; j = i 
1 

cos ( y i) = Vji2* V. ; j = i 
3 

5.2 Determination of A+B +C : 

The angles A ,  B, and C a r e  computed using the spherical law of 

cosines: 

cos a = cos b cos c + sin b + sin c . cos A (3) 

cos A = (cos a - cos b cos c)/sin b . sin c, (4) 

Expressions for B and C may be obtained by cyclic permutation 

of a ,  b, and c. To apply equation (4), the cosines and sines of 

the great a r c s  joining S to the three vertices of each triangle 

a r e  required. Consider, for example, triangle (V1, V2, V3), 

namely triangle 1: 

cos b = S a 

v1 ( 5b) 

cos c = S . 
v2. 

(5c) 

Thc sincs can thcn be obtnin~ed ironz: 

2: 
sin x - (I - 630s x) . 



0 
Since this n~odule i s  not involrcd wheneven* S is more than 90 

from any vertex, thcrc  is no danger of losing ttlc correc t  

quadrant in formula (6) .  Tiiesc sines a r e  stored in tile 

a r r a y  SCHOSV, 

For  ally given triangle it is necessary to compute a l l  three 

angles A ,  B, and C subtended a t  S by each of its sides a ,  

p , and y , with the sum A-t-B+C the requiTed quantity. 

5.3 Usage: 

In order  for this module to function properly, the user  should 

perform the following i tems : 

a. Determine the shape of the object causing geometric 

shadowing in the body- fixed frame of reference. 

Consider only its projection on the unit sphere 

centered a t  the sensor.  See Figure 19. 

b. Choose the minimurn number of vert ices which, 

wl~eil joined by grea t  a r c s ,  best describe the said 

projection.. 

c. Add great  a r c s  in  the interior of the figure thus 

formed s o  that it appears formed by non-overlapping 

adjacent triangles. 

d. Number the triangles sequentially beginning with 1 

and ending with 11. 

e.  Number the vert ices beginning with 1 and encling 

with 1I-i 2 in such a way thnt vcrliccs Vj, Vj-cl, and 

V j + ~  
belong to tile triangle. 



f .  Insure that thc angles C@ . alict 0 determined 
J j 9  

independently, are available up011 entry to this 

prGgrnn1. These should lsie ill cIegrecs and stored 

so  that: 

0. = AVERTX(2, j). 
J 

Upon entry to this module, the variable SOURCE should contain 

the cartesian components (with respect to the body-fixed 

system of coordinates) of the normalized vector pointing toward 

the source of radiation. This is accomplished by the 

EQUIVALENCE (SOURCE , SPRIME) statement. The variable 

SPRIME is discussed in module GADFOI. 

Note that the user may relax the criterion 360" ; because of 

rounding e r r o r s  it is preferable to  se t  the criterion to 359 . 
Hence the variable SHA DCR (I). Furthermore, the variable 

SHADCR(2) provides the user with a gross criterion for 

occult~f~iorn. That i s ,  whenever the predicted function, 

assumed to be that of a cosine sensor, is less than VCONE 

the remainder of the logic is unnecessary. In such a case,  

the angle between SPRIME and the sensor exceeds SHADCR(2). 



Module SIMPZ. (Simpson Integration) 

1.0 Calling Seqnciice: See Usage. 

2.0 Category: Il'OltTRAN function, GADS accessory. 

3.0 F(x)clx where F(x) is given in 

1 
tabular form a t  N+l ecjually spaced points. 

4.0 Variables: 

4.1 Input Variables: 

F Array of N+P function values F(x). 

Lower limit of integration, x 
1 

Lengtll of integration step. 

Iu'unlber of intervals over which the function 

is to be integrated. 

The function SIMP2 returns a single result according to the rules 

governing FORTRAN functions. 

Notes: 

Method: 

Norn~ally Sinlpsonls rule is z~sed to integrate over N = 2Ec intervals 

(i. e., N+1 points). 

a ion SIh4P2 uses Simpson~s rule with the moclificntiom 121nt integr t '  

over :m odcl n ~ ~ m b c ~  of intervals is possible. The numlscr of in- 

tervals, N, i s  testctl to c?ctcrnline wlrcthcr it is ovcn o r  odd. If 

N i s  even, integraliotl procrc%tls :is i n  SIMP1, If N is oclcl, a sec- 

ond degree polynotninl is fit tltrough the last  thvec points in the 

range of integration, X I X21c-i 1' X 2 k ~ 2  
This polyilomi:~l i s  



then integrntccl fuolu X to X i. c ,  , over the last  inter- 
2k+l 21rt 2 ' 

val. The result i s  rtdclecl to the result of the conveirtionnl Siinpson 

integration ovcr the first 21. intervals. 

5.2 Usage: 

SIMP2 (F, A, DELX, N) is used in n floating point arithmetic 

statement. 

5.3 Accuracy: 

The inherent e r r o r  using Simpson's rule when N is even is given by 

4 
When N is odd, the inherent e r r o r  is still of order (Ax) . 

SIMP2 is se t  to zero is N < 2. 



Moclule SOltI3IT. (Siinulalcd Orbit) 

1.0 Calling Secl~ience: CALL SOItI3IT(TIn'2E, TItUEA, RAD, XIV, S, 

OMEGA, FINC L, TIZUE AR, I t00T) .  

2.0 Category: FORTRAN subroutine, GADS accessory. 

3 . 0  Purpose: To generate artificial orbital ephemeris 'and s o n ~ e  

related data. 

4.0 Variables : 

4.1 Explicit Inputs: 

TIME Ignore d. 

TRUEA True anomaly, radians. 

RAD Orbital radius vector, kilometers. 

OMEGA Right ascension of orbital  node, radians. 

FINC L Orbital inclination, radians. 

TRUEAR True anoinaly rate, radians per  sec. 

4.2 Explicit Outputs: 

XW 

X 

Radius vector in orbi t  plane, liilometers. 

Radius vector in vernal e q ~ ~ i n o x  coordinate sys-  

tem, lrilometcrs. 

RDOT Velocity vector in vernal equinox system, 

l i i ' l on~c tc~s  pcr  second. 

Explanation: This lnodulc i s  used to gcnerntc reasonable nrgu - 
n ~ c n t s  for thc FIEI,DG modulcs. IIcnce all orbits arc assumccl 

circular .  



n4oclulct VCTtOS. (Vector cross procfitctf 

1. 0 Calling Secjycncc: CA1,L VCROS (A, B, C,  $1, SIN, I<). 

2.0 Category: FORTRAN subroutine, GADS accessory. 

3.0 Purpose: To conlp~tc  the vector cross product 'and, if  dcsircd, 

the sine of the included angle. 

4.0 Variables: 

4 .1  Explicit Inputs: 

A First  cartesian vector 

B Second cartesian vector 

Er ror  return. Th!'.; return is  invoked whenever 

the cross product has a vanishing magnitude, 

K Nori~ialization request: 

K = 0 - no request 

K $ 0 - nornlalize the result C and conlpute the 

sine of the included angle. 

Explicit Outputs: 

C Cross product A x B. 

SIN Sine of incluclcd angle (A, B), conlputed only if 

I< # 0. 



1 . 0  Calling Secyetlcc: CALL TDIST(ALPI"1, NDEG17, T). 

2,O Category: FORTRAN subroutine, GADS accessory. 

3.0 Rzrpose: To con~pute t-distribution percentage points; i. e. , to 

coinp~~tc the value of ta necessary for determining interval estimates 

of the parameters. 

4.0 Variables: 

4.1 Explicit Inputs: 

ALPHA 

NDEGF 

4.2 Explicit Outputs: 

T 

The probability level for which the percentage 

points are to he colllputed. 

The number of degrees of freedom; i, e., the 

number of data points ininus the number of 

parameters. 

The value of t corresponding to ALPHA and 

NDEGF, i. e. ,  ta. 




